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ABSTRACT
The c a p a c i ty  o f  s e v e r a l  3 , 4 - d i c h l o r o a n i l i d e  compounds to  i n h i b i t  
e x c i s e d  r o o t  e lo n g a t io n  was i n v e s t i g a t e d .  Among th e  compounds t e s t e d  
w ere  th e  h e r b i c i d e s  swep, d iu r o n ,  k a r s i l ,  d i c r y l ,  and p r o p a n i l .  The 
known p o te n t  H i l l  r e a c t i o n  i n h i b i t o r s  g e n e r a l l y  p roved  much l e s s  
e f f e c t i v e  as  r o o t  e l o n g a t i o n  i n h i b i t o r s ,  b u t  p r o p a n i l  was an e x c e p t io n  
s in c e  i t  s t r o n g l y  i n h i b i t s  b o th  p r o c e s s e s .
P r o p a n i l - i n h i b i t e a  r o o t s  showed few er m i t o t i c  f i g u r e s  th a n  
c o n t r o l  r o o t s .  At low er p r o p a n i l  c o n c e n t r a t i o n s ,  e l o n g a t i o n  was 
l i t t l e  a f f e c t e d ,  b u t  r e s p i r a t i o n ,  p r o t e i n  and n o n p r o te in  n i t r o g e n ,  
and n u c l e i c  a c id  l e v e l s  were  a l l  i n c r e a s e d .  R.Q. in  such  r o o t s  i s  
unchanged compared t o  c o n t r o l s .
A b so rp t io n  s p e c t r a  o f  e x t r a c t s  o f  p e r c h l o r i c  a c id  p r e c i p i t a t e s  
su g g e s te d  t h a t  a cy tochrom e p r e s e n t  in  c o n t r o l  r o o t s  was n o t  as 
ab undan t i n  p r o p a n i l - t r e a t e d  r o o t s .
vi
INTRODUCTION
T here  have been  a number o£ compounds usejd as  h e r b i c i d e s  t h a t  
c o n t a l l  t h e  3 , 4 - d i c h l o r o a n i l i n e  m o ie ty .  T h is  I n c lu d e s  th o s e  commonly 
known a s  swep, d lu r o n ,  k a r s l l ,  d i c r y 1 , and p r o p a n i l .  A l l  o f  t h e s e ,  
e x c e p t  swep, have b een  shown t o  be H i l l  r e a c t i o n  i n h i b i t o r s ,  and i t  
i s  g e n e r a l l y  b e l i e v e d  t h i s  i n h i b i t o r y  a b i l i t y  i s  c l o s e l y  r e l a t e d  t o  
th e  mode o f  a c t i o n  o f  t h e s e  h e r b i c i d e s .
T here  i s  l i t t l e  in f o r m a t io n  a v a i l a b l e  on 3 , 4 - d i c h l o r o a n i l l d e s  
and r e l a t e d  compounds a s  i n h i b i t o r s  o f  sy s tem s  t h a t  a re  n o t  p h o to ­
s y n t h e t i c .  T h is  s tu d y  r e p r e s e n t s  an a t t e m p t  to  d e te rm in e  th e  e f f e c ­
t i v e n e s s  o f  s e l e c t e d  3 , 4 - d i c h l o r o a n i l i d e s  on such  a sy s tem  in  th e  
form o f  e l o n g a t i o n  o f  e x c i s e d  co rn  r o o t s .
Of th e  compounds s t u d i e d ,  p r o p a n i l  h a s  become o f  g r e a t  v a lu e  in  
t h e  p o s t - e m e r g e n t  c o n t r o l  o f  weeds in  r i c e  f i e l d s  o f  L o u i s ia n a  and 
o th e r  a r e a s .  W hile i t  i s  a r a t h e r  e f f e c t i v e  H i l l  r e a c t i o n  i n h i b i t o r ,  
t h e r e  i s  p r a c t i c a l l y  no o t h e r  in f o r m a t io n  a v a i l a b l e  on p r o p a n i l ' s  
p h y s i o l o g i c a l  e f f e c t s .  T h e r e f o r e ,  th e  l a t t e r  h a l f  o f  t h i s  s tu d y  
r e p r e s e n t s  an e f f o r t  t o  g a th e r  some fu n d am en ta l  d a ta  on p r o p a n i l ' s  
e f f e c t  on e x c i s e d  c o rn  r o o t s .
1
LITERATURE REVIEW
i
I .  C a rb o x v ac ld  a n i l I d e s  a s  h e r b i c i d e s
The s t r u c t u r e  o f  t h e s e  and o t h e r  compounds w i l l  be re v ie w e d  in  
a l a t e r  s e c t i o n .  A c y l a n i l i d e s , a s  a g r o u p ,  a r e  g e n e r a l l y  c o n s id e r e d  
somewhat s e l e c t i v e  f o l i a g e  t o x i c a n t s  w i t h  r e l a t i v e l y  low p re -e m e rg e n c e  
a c t i v i t y  ( H i l t o n ,  J a n s e n ,  and H u l l ,  1963; C r a f t s  and R o b b in s ,  1 9 6 2 ) .
Huffman and A l l e n  (1960) i n v e s t i g a t e d  t h e  h e r b i c i d a l  a c t i v i t y  o f  
s e v e r a l  a n i l i d e s .  They d e s c r i b e d  them a s  " p o w e r fu l  f o l i a g e  t o x i c a n t s "  
and maximum t o x i c i t y  was a s s o c i a t e d  w i t h  t h e  3 , 4 - c h l o r i n a t i o n  o f  th e  
p h e n y l  m o ie ty .  T h e i r  s tu d y  was an i n v e s t i g a t i o n  o f  t h e  c o r r e l a t i o n  
b e tw een  m o le c u la r  s i z e  and  h e r b i c i d a l  a c t i v i t y .  T h e i r  m ost p o w e rfu l  
p o s t - e m e r g e n t  3 , 4 - d i c h l o r o a n i l i d e  was p r o p a n i l  w h ich  i s  N - ( 3 ,4 -  
d i c h l o r o p h e n y l ) - p r o p a n a m id e ,  and  i t  p o s s e s s e d  t h e  c o l l a p s e d  and 
e x te n d e d  m o le c u la r  d im e n s io n s  deemed m ost d e s i r a b l e  f o r  t o x i c i t y  by 
t h e  i n v e s t i g a t o r s .  However, th e y  conceded  t h a t  some a c t i v e  h e r b i c i d e s  
l a c k  t h e  p r o p e r  d im e n s io n s  and  t h a t  " p o s s i b l y  d i f f e r e n t  m echanism s o f  
h e r b i c i d e  a c t i o n "  w ere  o p e r a t i v e  i n  su ch  c a s e s .
Good (1961) i n v e s t i g a t e d  more th a n  200 compounds, i n c l u d i n g  many 
a n i l i d e s ,  a s  i n h i b i t o r s  o f  t h e  H i l l  r e a c t i o n .  He found  t h a t  t h e  3 ,4 -  
c h l o r i n a t i o n  o f  t h e  p h e n y l  r i n g  r e s u l t e d  i n  t h e  m ost a c t i v e  i n h i b i t o r s .  
Among a n i l i d e s  o f  t h e  s t r a i g h t  c h a in  a l i p h a t i c  a c i d s ,  i n h i b i t o r  a c t i v i t y  
was s e e n  a s  a f u n c t i o n  o f  t h e  c h a in  l e n g t h  and p r o p a n i l  was m ost a c t i v e ;  
t h e  p e n tan a m id e  and h ex an am id es  f u r n i s h e d  a second  peak  o f  a c t i v i t y ,  
w h i l e  th e  o c tan a m id e  p r o v id e d  a t h i r d  lo w er  p e a k .  B ranched  or
s u b s t i t u t e d  a l i p h a t i c  a c i d s  te n d e d  to  r e s e m b le  th e  p a r e n t  s t r a i g h t  
c h a in  a c i d  i n  a c t i v i t y .  T h u s ,  th e  m e th y lp ro p a n a m id e  r e s e m b le d  more 
p r o p a n i l  th a n  i t  d id  th e  b u ta n a m id e .  Of t h e  b ra n c h e d  c h a in  a c y l a n i l i d e s  
t h e  2 - m e th y lp e n ta n a m ld e ,  known as  k a r s i l ,  was found  to  be more a c t i v e  
t h a n  p r o p a n i l .  I n  f a c t ,  o f  t h e  3 , 4 - d i c h l o r o a n i l i d e s , k a r s i l ' s  a c t i v i t y  
was e x c e e d ed  o n ly  by d iu r o n  w h ich  i s  3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - l ,1 -  
d l m e th y lu r e a .
The p r e s e n c e  o f  th e  im in o  h y d ro g en  i n  a l l  t h e s e  H i l l  r e a c t i o n  
i n h i b i t o r s  was n o t e d .  However, any a t t e m p t  t o  r e l a t e  i n h i b i t o r  a c t i v i t y  
t o  a com pound 's  im ino  h y d ro g e n  b o n d in g  te n d e n c y  was n o t  a lw ays  s u c ­
c e s s f u l ;  e . g . ,  d iu r o n  was among th e  m ost p o t e n t  H i l l  r e a c t i o n  i n h i b i t o r s  
y e t  i t  form ed h y d ro g en  bonds l e s s  r e a d i l y  th a n  d id  some o f  th e  l e s s  
a c t i v e  i n h i b i t o r s .  N e v e r t h e l e s s ,  i t  was s u g g e s t e d  t h a t  h y d ro g e n  b o n d ­
in g  do es  p la y  a r o l e  i n  a n i l i d e  i n h i b i t i o n .  Good e s t i m a t e d  t h e  g e n e r a l  
im ino  h y d ro g e n  b o n d in g  te n d e n c y  o f  t h e s e  compounds by a d d in g  e x c e s s  
a c e to n e  t o  a s o l u t i o n  o f  t h e  compound and  s p e c t r o p h o t o m e t r i c a l l y  
o b s e r v in g  th e  a b s o r p t i o n  a t  t h e  w a v e le n g th  c h a r a c t e r i s t i c  f o r  t h e  
N-H . . .  0 g r o u p in g .  He s u g g e s t e d  t h a t  t h i s  p r o c e d u r e  may have  been  
a t  f a u l t  i n  t h a t  i t  e s t i m a t e d  o n ly  a g e n e r a l  im ino  h y d ro g e n  b o n d in g  
te n d e n c y  f o r  t h e  compound, and " i t  may be t h a t  h y d ro g e n  b o n d in g  w i th  
an oxygen (o r  n i t r o g e n ? )  i n  a v e r y  u n u s u a l  s i t u a t i o n  i s  r e q u i r e d "  f o r  
d iu r o n  and o t h e r  compounds t o  d i s p l a y  t h e i r  i n h i b i t o r y  p o t e n t i a l .
Good a l s o  o f f e r e d  p r e l i m i n a r y  r e s u l t s  on th e  e f f e c t i v e n e s s  o f  
t h e s e  compounds a s  i n h i b i t o r s  o f  th e  i n  v iv o  p r o c e s s  o f  p h o t o s y n t h e s i s  
i n  e x c i s e d  bean  l e a v e s .  These  p r e l i m i n a r y  r e s u l t s  i n d i c a t e d  t h a t  th e  
t h i o u r e a s  a r e  much more a c t i v e  and th e  " b e t t e r  a c y l a n i l i d e s  a r e  n o t
n e a r l y  a c t i v e  e n o u g h "  com pared  t o  t h e i r  p e r f o r m a n c e s  a s  H i l l  r e a c t i o n  
i n h i b i t o r s  i n  c h l o r o p l a s t  s u s p e n s i o n s .
M o re lan d  and H i l l  (1 9 6 3 )  w ere  m o s t ly  i n  a g re e m e n t  w i t h  Good on 
t h e  a c y l a n i l i d e s  a s  H i l l  r e a c t i o n  i n h i b i t o r s .  The m o st  p o t e n t  i n ­
h i b i t o r s  w e re  t h o s e  w i t h  3 ,  4 c h l o r i n a t i o n  o f  t h e  p h e n y l  r i n g .  Of t h e  
s t r a i g h t  c h a i n  a c y l a n i l i d e s ,  p r o p a n i l  was m o s t  a c t i v e ;  t h e  p e n ta n a m id e
i
and h ex an am id e  w ere  somewhat l e s s  a c t i v e .  The a c e t a m id e ,  b u ta n a m id e  
and h e p ta n a m id e  w e re  c o n s i d e r a b l y  l e s s  a c t i v e .  The o c ta n a m id e  and  non - 
anam ide  w ere  i n a c t i v e  a t  6 x 10~^M. I n  c o n t r a s t ,  Good fo u n d  t h e  o c t a n a ­
m ide  t o  be a m ore a c t i v e  H i l l  i n h i b i t o r .  M o re lan d  and  H i l l  s u g g e s t e d  
t h a t  t h e  l o s s  o f  a c t i v i t y  w i t h  i n c r e a s i n g  c h a i n  l e n g t h  m ig h t  be  due to  
a p r o g r e s s i v e  i n a b i l i t y  " t o  p a s s  th r o u g h  o r  p a r t i t i o n  i n t o  t h e  l i p o ­
p r o t e i n  m a t r i c e s  o f  t h e  c h l o r o p l a s t s . "  T h e i r  s tu d y  p o i n t e d  o u t  t h a t  
t h e  H i l l  r e a c t i o n  i s  an i n v o lv e d  p r o c e s s  and  t h a t  t h e s e  i n h i b i t o r s  may 
i n t e r f e r e  a t  any o f  a number o f  p l a c e s .  More t h a n  a s i n g l e  s i t e  o f  
a c t i o n  c o u ld  be  i n v o lv e d  s i n c e  l i g h t  i n t e n s i t y  s t u d i e s  showed t h a t  b o th  
l i g h t  and  d a rk  r e a c t i o n s  w e re  i n h i b i t e d .  M o re lan d  and  H i l l  h a v e  a l s o  
shown some p h e n y lc a r b a m a te s  (1959) and  d i u r o n  ( 1 9 6 0 ) ,  among o t h e r  com­
p o u n d s ,  t o  i n h i b i t  th e  H i l l  r e a c t i o n .  They fo u n d  a c y l a n i l i d e s  s t r o n g e r  
i n h i b i t o r s  o f  t h e  H i l l  r e a c t i o n  t h a n  t h e  p h e n y l c a r b a m a t e s ,  b u t  n o t  q u i t e  
a s  i n h i b i t o r y  a s  t h e  p h e n y l u r e a s .  F o r  M o re lan d  and  H i l l ,  a s  w e l l  a s  
Good, d i u r o n  and k a r s i l  w e re  among t h e  s t r o n g e s t  i n h i b i t o r s .  A l s o ,  t h e  
fo rm e r  a g r e e d  w i t h  Good t h a t  i n h i b i t i o n  c o u ld  be  a m a t t e r  o f  h y d ro g e n  
b o n d in g  b e tw ee n  im in o  h y d ro g e n  and  c a r b o n y l  oxygen  o f  t h e  a c t i v e  com­
pounds  w i t h  " a p p r o p r i a t e  r e c e p t o r s  a t  o r  n e a r  t h e  a c t i v e  c e n t e r s "  o f  
c h l o r o p l a s t s .  M o re lan d  and  H i l l  s p e c u l a t e d  t h a t  any one o f  s e v e r a l
g ro u p in g s  c o u ld  be th e  " a p p r o p r i a t e  r e c e p t o r . "  Thus th e  f r e e  im ino 
h y d ro g en  and c a r b o n y l  oxygen a tom s o f  p r o t e i n  m o le c u le s  o f  th e  
c h l o r o p h y l l - p r o t e i n  complex c o u ld  have  b een  so  a f f e c t e d  by t h e  i n h i b i t o r  
a s  to  a l t e r  t h e  se c o n d a ry  and t e r t i a r y  s t r u c t u r e  o f  t h e  c h l o r o p h y l l -  
p r o t e i n  t o  th e  e x t e n t  o f  i n h i b i t i n g  t h e  c o m p le x 's  a b i l i t y  to  f u n c t i o n  i n  
t h e  t r a n s f e r  o f  e n e r g y .  On th e  o t h e r  h a n d ,  t h e  i n h i b i t o r ,  by v i r t u e  o f  
h y d ro g e n  b o n d in g ,  c o u ld  i n t e r f e r e  w i t h  th e  p r o t o n  s h i f t s  p o s t u l a t e d  as  
n e c e s s a r y  to  e x p l a i n  t h e  t r a n s m i s s i o n  o f  e n e rg y  th ro u g h  p r o t e i n s  i n  
g e n e r a l .  F i n a l l y ,  M ore land  and H i l l  s u g g e s te d  t h a t  t h e  i n h i b i t o r s  
m ig h t  s p e c i f i c a l l y  a c t  by h y d ro g en  b o n d in g  th ro u g h  c a r b o n s  9 and 10 i n  
th e  c y c lo p e n ta n o n e  r i n g  o f  c h l o r o p h y l l ;  t h e  t r a n s f e r  o f  e x c i t a t i o n  e n e rg y  
from  c h l o r o p h y l l  t o  an a c c e p t o r  w ould  be  p r e v e n te d  by t h i s  b o n d in g .
T h i s  p o s s i b i l i t y  o f  h y d ro g e n  b o n d in g  w i t h  c h l o r o p h y l l  was 
o r i g i n a l l y  a s u g g e s t io n  o f  W esse ls  and van  d e r  Veen (1 9 5 6 ) .  Good (1 9 6 1 ) ,  
h ow ev er ,  r e j e c t e d  i t  f o r  two r e a s o n s .  I f  c h l o r o p h y l l  i s  u n a b le  t o  t r a n s ­
f e r  i t s  e x c i t a t i o n  e n e rg y  b e c a u s e  th e  c y c lo p e n ta n o n e  r i n g  i s  p h y s i c a l l y  
b lo c k e d ,  th e n  th e  H i l l  r e a c t i o n  s h o u ld  be e q u a l l y  i n h i b i t e d  r e g a r d l e s s  
o f  w h ich  e l e c t r o n  a c c e p t o r  was u sed  i n  th e  s y s te m .  Such i s  n o t  th e  c a s e ,  
f o r  f e r r i c y a n i d e  o r  FMN w i l l  n o t  s e r v e  a s  e l e c t r o n  a c c e p t o r s  f o r  t r e a t e d  
c h l o r o p l a s t s  w h i l e  N -m ethy lphenazon ium  io n s  w i l l .  M oreover ,  Good n o te d  
t h a t  th e  number o f  m o les  o f  d iu r o n  o r  k a r s i l  w h ich  w ould  g iv e  co m p le te  
i n h i b i t i o n  was s m a l l e r  th a n  th e  number o f  m o les  o f  c h l o r o p h y l l  by a 
f a c t o r  o f  a t  l e a s t  100 , and " t h i s  f a c t o r  o f  100 does  n o t  a l lo w  f o r  th e  
f a c t  t h a t  n o t  a l l  o f  t h e  i n h i b i t o r  can  have  r e a c h e d  t h e  s i t e  o f  i n h i b i ­
t i o n . "  Good co n ce d e d ,  h o w ev er ,  t h a t  t h e r e  may be " a  few s p e c i a l  c h l o r o ­
p h y l l  m o le c u le s  a s s o c i a t e d  w i th  enzymes o r  s u b s t r a t e s "  t o  r e c e i v e  th e
t r a n s f e r r e d  e x c i t a t i o n  e n e rg y  from o t h e r  c h lo r o p h y l l  m o le c u le s ,  b u t  
" i t  s u r e l y  s t r e a t c h e s  c r e d u l i t y  a l s o  to  a t t r i b u t e  u n iq u e  bond ing  
powers to  th e  c y c lo p e n ta n o n e  c a r b o n y l  o f  t h e s e  p a r t i c u l a r  m o le c u le s . "
In  r e g a r d  t o  G ood 's  second  o b j e c t i o n ,  th e  f o l l o w in g  f i n d i n g s  may 
be  p e r t i n e n t .  Among th e  v a r i o u s  c a r r i e r s  im p l i c a t e d  i n  t r a n s p o r t i n g  
e l e c t r o n s  i n  p h o t o s y n t h e s i s  a r e  p l a s t o q u i n o n e , cy tochrom e b ,  c y to ­
chrome f ,  and P700 w hich  i s  a  p igm ent a b s o r b in g  a t  700 t o  705 mu 
( C la y to n ,  1963; Conn and S turapf, 1 9 6 3 ) .  C la y to n  (1963) h a s  s t a t e d  t h a t  
th e  P700 " i s  p ro b a b ly  n o th in g  b u t  c h l o r o p h y l l  a in  a s p e c i a l i z e d  en ­
v iro n m en t  ( e . g . ,  i n  a  complex w i th  cy tochrom e f ) " ;  and "P700 and c y to ­
chrome f  a r e  p r e s e n t  i n  e q u im o la r  am oun ts ,  b o th  in  c h l o r o p l a s t s  and in  
p a r t i a l l y  p u r i f i e d  P700 p r e p a r a t i o n s . "  The r a t i o  o f  P700 to  o r d in a r y  
c h lo r o p h y l l  a i s  ab o u t 1 :400  (Kok, 1 9 6 1 ) .
Duysens (1961) r e p o r t e d  t h a t  d iu r o n  a t  1 .1  x 10"^M w i l l  i n h i b i t  
th e  p h o t o l y t i c  r e d u c t i o n  o f  a cy tochrom e i n  P o rp h v r id iu m  c ru e n tu m .
I n t e r f e r e n c e  w i th  p h o t o s y n t h e s i s  i s  n o t  t h e  mode o f  a c t i o n  u s u a l l y  
a s s o c i a t e d  w i th  a n o th e r  g roup  o f  c a r b o x y a c id  a n i l i d e s - - t h e  p h e n y lc a r b a ­
m a te s .  These compounds a r e  w e l l  known m i t o t i c  i n h i b i t o r s ,  and s e v e r a l  
r e p o r t s  have  d e a l t  s p e c i f i c a l l y  w i t h  them as  such  in  g r a s s  r o o t s .
Enn is  (1948a) found IPC ( 0 - i s o p r o p y l  N -p h en y lc a rb a m a te )  t r e a t e d  b a r l e y  
r o o t s  showed i n c r e a s e d  m i t o t i c  a c t i v i t y  w i th  more m e ta p h a s e r  and few er 
a n ap h a ses  th a n  c o n t r o l  t i s s u e .  The same compound cau sed  Ayena r o o t  t i p s  
t o  s w e l l  and i n c r e a s e d  th e  chromosome number o f some c e l l s  (E n n is ,  
1 9 4 8 b ).  These Avena r o o t s  a l s o  showed b lo c k e d  m e ta p h ases  and f r e q u e n t  
chromosome c lum ping ; l a c k  o f  norm al an ap h ase  s e p a r a t i o n  was e v id e n t  
in  chromosomal b r i d g e s  and d u m b e ll- s h a p e d  n u c l e i .  Doxey (1949) found
7t h a t  IPC  c a u s e d  c h ro m o so m e  f r a g m e n t a t i o n  i n  r y e  a n d  m u l t i p o l a r  s p i n d l e s  
w i t h  c o n s e q u e n t  m u l t i n u c l e a t e  c e l l s  i n  o n i o n .  B o th  r y e  a n d  o n i o n  r o o t s  
sh o w ed  s p i n d l e  s u p p r e s s i o n  a n d  p o l y p l o i d y .
C a n v i n  a n d  F r i e s e n  ( 1 9 5 9 )  n o t e d  t h a t  IP C  a t  1 ppm c o m p l e t e l y  
i n h i b i t e d  c e l l  d i v i s i o n  i n  b a r l e y ;  a t  10 a n d  100  ppm , p o l y p l o i d y  w as  
common a s  w e r e  " p r o l o n g e d  p s e u d o - m e t a p h a s e "  f i g u r e s  a n d  c h ro m o s o m a l  
c l u m p i n g .  A l s o  t h e  p r e s e n c e  o f  t r i p o l a r  a n d  m u l t i p o l a r  a n a p h a s e s  a s  
w e l l  a s  t h e  r e s u l t i n g  m u l t i n u c l e a t e  c e l l s  w e r e  o b s e r v e d .  T h e  e f f e c t  o f  
IP C  o n  p e a  r o o t s  w as  q u i t e  d i f f e r e n t  i n  t h a t  t r e a t e d  a n d  c o n t r o l  r o o t s  
w e r e  s i m i l a r  i n  a p p e a r a n c e .  O n ly  t h e  n u m b e r  o f  d i v i d i n g  c e l l s  w a s  s e e n  
t o  d e c r e a s e  i n  t r e a t e d  r o o t s .  C a n v i n  a n d  F r i e s e n  a l s o  i n v e s t i g a t e d  t h e  
e f f e c t s  o f  CDAA ( 2 - c h l o r o - N ,  N - d i a l l y l a c e t a m i d e )  on  b a r l e y  a n d  p e a  r o o t s .  
P e a  r o o t s  p r o v e d  r a t h e r  r e s i s t a n t  t o  c o n c e n t r a t i o n s  u p  t o  100  ppm.
B a r l e y  r o o t s  w e r e  m o re  s u s c e p t i b l e ,  b u t  t h e  r e s p o n s e  d i f f e r e d  g r e a t l y  
f r o m  t h a t  o f  IP C .  T h e  CDAA i n d u c e d  n o  a b n o r m a l  m i t o t i c  f i g u r e s ,  b u t  
w a s  o b s e r v e d  s i m p l y  t o  i n h i b i t  t h e  n u m b e r  o f  a p p a r e n t l y  n o r m a l  c e l l  
d i v i s i o n s  i n  d i r e c t  p r o p o r t i o n  t o  t h e  c o n c e n t r a t i o n  o f  t h e  h e r b i c i d e .
E x c e p t  a s  a l r e a d y  i n d i c a t e d  t h e r e  h a v e  b e e n  few  r e p o r t s  on  t h e  
p h y s i o l o g i c a l  e f f e c t s  o f  a c y l a n i l i d e s .  A u d u s  ( 1 9 6 4 )  n o t e d  t h e  l a c k  o f  
s u c h  i n f o r m a t i o n  o n  t h i s  g r o u p  o f  c o m p o u n d s .  B in g h a m  a n d  P o r t e r  ( 1 9 6 1 a )  
f o u n d  t h a t  d i c r y l  r e d u c e d  c o t t o n  c o t y l e d o n  e n l a r g e m e n t  a n d  w e i g h t .
P r i m a r y  r o o t  e l o n g a t i o n  w a s  i n h i b i t e d  b y  c o n c e n t r a t i o n s  a s  lo w  a s  1 
ppm . B in g h a m  a n d  P o r t e r  a l s o  f o u n d  ( 1 9 6 1 b )  t h a t  t h e  d i c r y l - r e d u c e d -  
g r o w t h  o f  c o t t o n  c o t y l e d o n s  w as  a c c o m p a n i e d  by  o n l y  s l i g h t  r e d u c t i o n  
i n  r e s p i r a t i o n  p e r  c o t y l e d o n .  F u n d e r b u r k  a n d  P o r t e r  ( 1 9 6 1 a )  n o t e d  t h a t  
a s  l i t t l e  a s  1 ppm o f  d i c r y l  d e c r e a s e d  t h e  d r y  w e i g h t  o f  i n t a c t  D i x i e  18
c o rn  r o o t s  a f t e r  a 10-day  e x p o s u r e .  H igher d i c r y l  c o n c e n t r a t i o n s  d id  
n o t  a c c e n t u a t e  t h e  d e c r e a s e .  D ic ry l  in d u c ed  a d e c r e a s e  in  th e  r e s p i r a r  
t i o n  o f  c o rn  l e a f  t i s s u e  on a f r e s h  w e ig h t  b a s i s .  They a l s o  r e p o r t e d  
(F u n d erb u rk  and P o r t e r ,  1961b) t h a t  t r e a t e d  l e a f  hom ogenates  l o s t  more 
n i t r o g e n  th a n  c o n t r o l  hom ogenates  when b o th  w ere  d i a l y z e d  a g a i n s t  a 
p h o sp h a te  b u f f e r  s o l u t i o n .  More n i t r o g e n  was p r e c i p i t a t e d  i n  c o n t r o l  
th a n  i n  t r e a t e d  hom ogenates  c e n t r i f u g e d  a t  from 1 ,000  to  144 ,000  x  g .
1 1 • The c u l t u r e  o f  e x c i s e d  monocot r o o t s
Guinn (1963) p o in t e d  o u t  t h a t  w h i le  r o o t s  v a ry  i n  t h e i r  r e q u i r e ­
m e n ts ,  t h e i r  c u l t u r e  i n c lu d e s  th e  u s e  o f  w a t e r ,  i n o r g a n ic  n u t r i e n t s ,  a  
s u g a r ,  and " v a r i o u s  o r g a n ic  g row th  s u b s ta n c e s  such  a s  amino a c i d s ,  
v i t a m i n s ,  and ( o c c a s i o n a l l y )  a u x i n s . "  W hite (1963) com p iled  a t a b l e  
c o n t r a s t i n g  s a l t  s o l u t i o n s  i n  common u se  f o r  p l a n t  c e l l  c u l t u r e .  He 
n o te d  t h a t  " i n  p r a c t i c e  a l l  o f  t h e s e  a r e  e f f e c t i v e , "  and many have been  
in  u s e  f o r  some t im e .  T hus , G a u th e r e t  h a s  lo n g  u se d  a fo rm u la  W hite  
a t t r i b u t e s  to  Knop i n  1865 as  an i n o r g a n i c  b a se  f o r  h i s  n u t r i e n t  medium. 
S i m i l a r l y ,  R o b b in s '  (1922) e a r l y  work w i th  monocot r o o t s  made u s e  o f  a 
" m o d if ie d  P f e f f e r  s o l u t i o n "  w hich W hite v iew s  a s  one o f  K nop 's  l a t e r  
f o r m u l a t i o n s .
R o b e r t s  and S t r e e t  (1955) c r e d i t  R obb ins  (1922) w i th  an im p o r ta n t  
c o n t r i b u t i o n  t o  th e  c u l t u r e  o f  e x c i s e d  monocot r o o t s  w i th  h i s  d em o n s tra ­
t i o n  t h a t  a u to ly z e d  y e a s t  o r  p e p to n e  im proved th e  g row th  o f  e x c i s e d  c o rn  
r o o t s ,  even  though  c o n t in u o u s  c u l t u r e  was n o t  o b t a i n e d .  R obb ins  and 
W hite  (1936) r e p o r t e d  t h a t  a g a r  and w a te r  e x t r a c t s  o f  a g a r  a id e d  c o rn  
r o o t  g ro w th .  A e r a t io n  o f  l i q u i d  c u l t u r e s  prom oted  g row th  a s  d id  c e r t a i n  
b ra n d s  o f  d e x t r o s e .  A lm e s tran d  (1951) found  t h a t  p y r id o x in e  a c c e l e r a t e d
th e  g row th  o f  some w heat s t r a i n s  w h i le  n o t  a f f e c t i n g  o t h e r s .  I t  d id  
n o t  prom ote t h e  grow th o f  any t e s t e d  s t r a i n s  o f  b a r l e y ,  o a t s  or r y e .
R o b e r ts  and S t r e e t  (1955) c la im ed  t h a t  e s t a b l i s h m e n t  o f  a c lo n e  
of e x c i s e d  ry e  r o o t s  w i th  th e  a i d  o f  L - t ry p to p h a n e  or y e a s t  e x t r a c t ,  
b u t  th ey  found a u to c l a v in g  th e  t r y p to p h a n e  to  be n e c e s s a r y .  However, 
c lo n a l  e s t a b l i s h m e n t  was p o s s i b l e  o n ly  from ab o u t 10 p e r  c e n t  o f  th e  
ry e  g r a i n s  t e s t e d .  They found e i t h e r  s u c r o s e  o r  g lu c o s e  to  be a 
s a t i s f a c t o r y  c a rb o h y d ra te  s o u rc e .
A lm estran d  (1957) a l s o  r e p o r t e d  c o n t in u o u s  c u l t u r e  o f  r y e  r o o t s  
i n  a  medium supp lem en ted  by y e a s t  e x t r a c t ,  and he f a v o re d  g lu c o se  over 
s u c r o s e  even though b o th  su p p o r te d  g row th . Wheat r o o t s  had h ig h  v i t a l i t y  
f o r  15 days a f t e r  e x c i s s i o n ,  and r e a d i l y  a b so rb ed  and red u ced  n i t r a t e ,  
p roduced  dry  m a t t e r ,  and grew n o rm a l ly .  A f te r  15 d a y s ,  p r im ary  r o o t  
growth slowed w h i le  s eco n d a ry  r o o t  grow th a c c e l e r a t e d .  S u b c u l tu r in g  
d id  n o t  r e s u l t  i n  r e c o v e re d  v i t a l i t y .  E x c is e d  o a t  r o o t s  co u ld  t a k e  up 
b u t  n o t  re d u c e  n i t r a t e ,  d id  n o t  in c r e a s e  i n  d ry  m a t t e r ,  and showed 
p r o t e o l y s i s  w i th  amino a c i d  e x u d a t io n  by th e  f i f t h  day a f t e r  e x c i s i o n .  
W ith e x c is e d  b a r l e y  r o o t s ,  n i t r a t e  a s s i m i l a t i o n  was o b s e rv e d ,  b u t  
p r o t e o l y s i s  and n i t r o g e n  e x u d a t io n  commenced 10 days a f t e r  e x c i s s i o n .  
I n d e f i n i t e  s u b c u l t u r in g  o f  r o o t  t i p s  was p o s s i b l e  o n ly  w i th  th e  ry e  r o o t s .
S t r e e t  e t  al, (1961) r e p o r t e d  t h a t  th e  r o o t s  o f  w h ea t ,  v a r i e t y  
A tson  E l i t e  5 6 ,  co u ld  be c u l t u r e d  f o r  a  tim e w i th  th e  a id  o f  c a s e in  
h y d r o ly s a te  and p e p to n e .  G lucose was p r e f e r r e d  a s  a c a rb o h y d ra te  
so u rc e  s in c e  s u c r o s e - s u p p l i e d - r o o t s  d e c l in e d  f a s t e r  a f t e r  14 d a y s .
L ig h t  o f  900 lu x  enhanced g row th .
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F e rg u so n  (1963) r e c e n t l y  r e p o r t e d  t h a t  e x c i s e d  r o o t s  o f  t h e  
w h ea t  v a r i e t y  H l lg e n d o r f  61 hav e  been  grown i n  c u l t u r e  f o r  3 1 /2  y e a r s  
and " i t  seems th e y  can  be  grown i n d e f i n i t e l y . "  H is  c h o ic e  l a  W h i t e 's  
medium c o n t a i n i n g  2% g lu c o s e  and 2 .1 7  ppm L - t r y p t o p h a n .  L i g h t  was n o t  
n e c e s s a r y .  F e rg u s o n  c o n s i d e r s  h i s  c h o ic e  o f  t h e  H l lg e n d o r f  v a r i e t y  a s  
a  f o r t u n a t e  one " i n  v iew  o f  t h e  f a c t  t h a t  none o f  th e  w heat v a r i e t i e s  
t e s t e d  o v e r  t h e  l a s t  40 y e a r s  p r o v id e d  c u l t u r a b l e  r o o t s . "  He does  n o t  
o f f e r  h i s  medium a s  b e in g  s u i t a b l e  f o r  m onocot o r  e v en  w heat r o o t s  
g e n e r a l l y .
S t r e e t  (1957) h a s  n o t e d  t h e  g e n e r a l  i n a b i l i t y  o f  any one medium 
to  s u p p o r t  r o o t s  o f  a l l  s t r a i n s . a n d  v a r i e t i e s  o f  a g iv e n  s p e c i e s .  He 
s u g g e s te d  t h a t  t h i s  may have  been  a  c o n t r i b u t i n g  f a c t o r  i n  th e  
i n a b i l i t y  o f  o t h e r s  t o  d u p l i c a t e  M c C la ry 's  (1940) s u c c e s s f u l  c u l t u r e  
o f  c o rn  r o o t s .  M cClary fo u n d  g ro w th  c o n t i n u i n g  a f t e r  115 d ay s  on a  
medium c o n t a i n i n g  1 1/2% a g a r  and 57. g lu c o s e .  Growth was a t  "an  
a lm o s t  c o n s t a n t  r a t e  o f  8 mm p e r  d a y ."
METHODS AND MATERIALS
I .  H e r b i c id e s  and  r e l a t e d  compounds
Of t h e  compounds u s e d  In  t h i s  s t u d y ,  t h e  p a r e n t  compound, in  
a s t r u c t u r a l  s e n s e ,  was 3 , 4 - d i c h l o r o a n i l i n e .  I t  h a s  a  m o le c u la r  
w e ig h t  o f  162 .0 3  and a  s t r u c t u r a l  fo rm u la  a s  f o l l o w s :  1
O th e r  compounds u s e d  in  t h e s e  s t u d i e s  in c lu d e d  t h e  f o l l o w in g
3 , 4 - d i c h l o r o a n i l i d e s :
N - ( 3 , 4 - d i c h l o r o p h e n y l ) - a c e t  amide
N -( 3 , 4 - d i c h lo r o p h e n y l ) - p r o p a n a m ld e  ( p r o p a n i l )
N - ( 3 ,4 - d i c h l o r o p h e n y l ) - b u t a n a m i d e
N - ( 3 , 4 - d i c h l o r o p h e n y l ) - p e n ta n a m id e
N - ( 3 ,4 - d i c h l o r o p h e n y l ) - h e x a n a m id e
N - ( 3 , 4 - d ic h lo r o p h e n y l ) - m e th a c r y l a m id e  ( d i c r y l )
N - ( 3 ,4 - d i c h l o r o p h e n y l ) - 2 - m e th y lp e n ta n a m id e  ( k a r s i l )  
m e th y l  N - ( 3 , 4 - d i c h l o r o p h e n y l ) - c a r b a m a t e  (swep)
3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - l , l - d i m e t h y l u r e a  (d iu r o n )
T hese  t e n  compounds, e x c e p t  f o r  3 , 4 - d i c h l o r o a n i l i n e ,  have  i n  
common th e  same c h l o r i n a t e d  p h e n y l  m o ie ty  and an im ino  h y d ro g e n .  A l l  
a r e  w h i t e  to  t a n  pow ders h a v in g  v e r y  l i m i t e d  s o l u b i l i t y  i n  w a t e r .  
P r o p a n i l ,  d i c r y l ,  k a r s i l ,  swep, and d i u r o n  a r e  i l l u s t r a t e d  in  F ig u r e  1.
Cl
11
12
C l
C l
0
II
-  NH -  C -  CH2 -  CH3
°‘C
0 CH,
i t  i  J
- NH -  C -  C " CH'
0
n
CH,
-  NH -  C -  CH - CHn - CHo - CH.
C l
0
i i
-  NH -  C -  N
ch3
CH,
C l r
c ^ “
- NH -  C -  0 - CH3
p r o p a n i l
d i c r y l
k a r s i l
d i u r o n
swep
F i g u r e  1 . S t r u c t u r a l  fo r m u la e  and  common names o f  f i v e  3 , 4 -  
d i c h l o r o a n i l i d e s  .
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I I .  P r im a ry  r o o t  e l o n g a t i o n  s t u d i e s
The h e r b i c i d e s  o r  r e l a t e d  com pounds, a t  c o n c e n t r a t i o n s  r a n g in g  
from  2 x 10~^M t o  15 x  10"^M, w ere  i n c o r p o r a t e d  i n t o  a m o d i f i e d  W h i t e 's  
medium (M a c h l is  and  T o r r e y ,  1956) c o n t a i n i n g  27. s u c r o s e  and 0.77. a g a r .  
T h is  medium was a u t o c l a v e d  and  th e n  p o u re d  i n t o  s t e r i l e  9 cm P e t r i  
d i s h e s .
D ix ie  18 c o rn  g r a i n s  s u r f a c e - s t e r i l i z e d  10 m in u te s  i n  1.57. sodium  
h y p o c h l o r i t e  w ere  p l a c e d ,  embryo down, upon a  s i n g l e  s h e e t  o f  f i l t e r  
p a p e r  m o is te n e d  w i th  2 .5  ml o f  g l a s s  d i s t i l l e d  w a te r  i n  9 cm P e t r i  
d i s h e s .  P a p e r ,  w a t e r ,  and d i s h e s  w ere  a u t o c l a t e d  b e f o r e  u s e .  A f t e r  
f o u r  days  i n  t h e  d a rk  a t  25*2°C, th e  c o rn  g r a i n s  had  p r im a ry  r o o t s  a b o u t  
4 cm lo n g  and  w ere  r e a d y  f o r  u s e .  The a p i c a l  6 -8  mm o f  th e  p r im a ry  
r o o t s  w ere  rem oved w i t h  a s h a r p  s c a l p e l  b l a d e  and  t r a n s f e r r e d  im m e d ia te ly  
t o  t h e  s u r f a c e  o f  t h e  W h i t e ' s  medium. C o n ta m in a t io n  o f  d i s h e s  was m i n i ­
m ized  by f r e q u e n t  s t e r i l i z a t i o n  o f  t h e  b l a d e  w i t h  e t h a n o l  and f la m e .
The d i s h e s  w i th  e x c i s e d  r o o t s  w ere  p l a c e d  on a  t a b l e  50 cm b e low  m ixed 
f l o u r e s c e n t  and  in c a n d e s c e n t  i l l u m i n a t i o n  o f  a b o u t  200 f o o t  c a n d l e s .  
T e m p e ra tu re  was m a i n t a i n e d  a t  25*2°C d u r i n g  t h e  e l o n g a t i o n  o f  t h e  r o o t s .  
The l e n g t h s  o f  t h e  e x c i s e d  r o o t  t i p s  w ere  r e c o r d e d  im m e d ia te ly  a f t e r  
e x c i s i o n  and  a t  t h e  end  o f  t h e  e x p e r im e n t .  L en g th  was r e c o r d e d  by 
i n v e r t i n g  t h e  c o v e r e d  d i s h  and p l a c i n g  a  mm s c a l e  on t h e  b o t to m  o f  th e  
d i s h ;  t h e  r o o t  l e n g t h  was e a s i l y  e s t i m a t e d  th r o u g h  t h e  t r a n s l u s c e n t  
medium. In  some e x p e r i m e n t s ,  r o o t  l e n g t h s  w ere  n o t e d  a t  s e l e c t e d  
i n t e r v a l s  d u r in g  t h e  6 0 -h o u r  e x p e r im e n t .  When r o o t s  w ere  t o  be  u s e d  
i n  o t h e r  e x p e r im e n t s  a s  d e s c r i b e d  b e lo w , th e y  w ere  c a r e f u l l y  l i f t e d  
from  th e  a g a r  s u r f a c e s  w i t h  f i n e  t i p p e d  f o r c e p s .
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In  one e x p e r im e n t ,  t h e  e l o n g a t i o n  d a t a  o f  380 r o o t s  r e p r e s e n t i n g  
10 d i f f e r e n t  t r e a t m e n t s  w ere  s u b j e c t e d  t o  an a n a l y s i s  o f  v a r i a n c e  
( S n e d e c o r ,  1 9 5 5 ) .  S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  among th e  
t e n  t r e a t m e n t  means w ere  d e te r m in e d  by D u n c an 's  " m u l t i p l e  r a n g e "  t e s t  
(D uncan, 1 9 5 5 ) .
I I I .  R e s p i r a t o r y  e x p e r im e n t s
R o o ts  u s e d  i n  r e s p i r a t o r y  e x p e r im e n t s  w ere  p ic k e d  from  t h e  a g a r  
s u r f a c e s  and p l a c e d  im m e d ia te ly  i n  W arburg v e s s e l s .  In  m ost e x p e r i ­
m e n t s ,  10 r o o t s  w ere  p l a c e d  in  1 ml o f  0 .0 2  M p h o s p h a te  b u f f e r  h a v in g  
a pH o f  5 .5  (H a r le y  and B e e v e r s ,  1 9 6 3 );  th e  c e n t e r  w e l l  c o n t a i n e d  a 
p a p e r  w ick  a n d ,  when oxygen u p ta k e  a lo n e  was d e te r m in e d ,  0 .2  ml o f  207. 
KOH, I n  o t h e r  e x p e r im e n t s ,  20 r o o t s  and 2 ml o f  t h e  b u f f e r  w ere  u s e d .  
Manometer r e a d i n g s  w ere  g e n e r a l l y  r e c o r d e d  a t  30 m in u te  i n t e r v a l s  f o r  
1 t o  2 h o u r s .  A t t h e  en d  o f  t h e  e x p e r im e n t ,  t h e  r o o t s  w ere  im m e d ia te ly  
d ro p p ed  i n t o  30 ml K j e l d a h l  f l a s k s  f o r  d i g e s t i o n  p r i o r  t o  n i t r o g e n  
e s t i m a t i o n .
IV. D i g e s t i o n  and  n i t r o g e n  e s t i m a t i o n
The r o o t s  w ere  w e t a sh e d  i n  2 ml o f  a d i g e s t i o n  m ix tu r e  (500 ml 
^ S O ^ ,  500 ml H2 O, 75 g Na2S 0^ , 0 .2 5  g CuSeO^). M o d era te  h e a t  was u s e d  
u n t i l  t h e  sam p les  c l e a r e d .  The w a l l s  o f  t h e  f l a s k s  w ere  w ashed  down 
w i th  d i s t i l l e d  w a te r  a f t e r  b e i n g  a l lo w e d  t o  c o o l  and t h e  sam p les  w ere  
h e a t e d  u n t i l  d i g e s t i o n  was c o m p le te d .  The f i n a l  d i g e s t  was d i l u t e d  
w i th  d i s t i l l e d  w a te r  t o  a known vo lu m e . N i t r o g e n  was d e te r m in e d  on 
d u p l i c a t e  a l i q u o t s  o f  e a c h  sam ple by c o n v e n t i o n a l  N e s s l e r i z a t i o n  p r o ­
c e d u r e s  (U m b re it  e t  _al, 1957) .
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In  some e x p e r im e n t s  t o t a l  n i t r o g e n  was d e te r m in e d  w h i l e  i n  o t h e r  
e x p e r im e n t s  p r o t e i n  and  n o n - p r o t e i n  n i t r o g e n  w ere  d e te r m in e d  s e p a r a t e l y  
a f t e r  g r i n d i n g  t h e  r o o t s  i n  c o ld  5% t r i c h l o r o a c e t i c  a c i d  i n  a c o n i c a l  
g l a s s  h o m ogen izer  and p r e c i p i t a t i n g  t h e  p r o t e i n - c o n t a i n i n g  f r a c t i o n  a t  
1500 x g i n  a  r e f r i g e r a t e d  (4°C) c e n t r i f u g e .
V. N u c le o t i d e  and n u c l e i c  a c i d  d e t e r m i n a t i o n s
F o r  n u c l e o t i d e  and  n u c l e i c  a c i d  d e t e r m i n a t i o n s ,  30-50  r o o t s  
(ca 300-500 mg) w ere  g ro u n d  i n  a  c o l d ,  c o n i c a l  g l a s s  h o m o g en ize r  in  
1 ml o f  107* p e r c h l o r i c  a c i d  (PCA) . The h o m o g en ize r  r e s t e d  i n  a  bed  
o f  c r u s h e d  i c e  w h i l e  t h e  r o o t s  w ere  m a n u a l ly  g ro u n d .  The hom ogenate  
was q u a n t i t a t i v e l y  r i n s e d  i n t o  a tu b e  and  p r e c i p i t a t e d  a t  1500 x g i n  
a  r e f r i g e r a t e d  (4°C) c e n t r i f u g e .  The r e s i d u e  was tw ic e  r e s u s p e n d e d  and 
r e c e n t r i f u g e d  i n  2 ml a l i q u o t s  o f  57. PCA. The com bined s u p e r n a t a n t s  
w ere  d i l u t e d  w i t h  57* PCA ( u s u a l l y  to  30 m l)  , and  d u p l i c a t e  a l i q u o t s  
w ere  u s e d  to  d e te r m in e  s o l u b l e  n u c l e o t i d e  c o n t e n t  by r e f e r r i n g  th e  
260mu-290mu a b s o r b a n c e  d i f f e r e n c e  t o  s t a n d a r d  v a l u e s  o b t a i n e d  w i th  
a d e n o s in e  m onophosphate  (H anson , 1 9 5 9 ) .
The p r e c i p i t a t e  o f  t h e  57. PCA s e r v e d  a s  t h e  n u c l e i c  a c i d  s o u r c e .  
W oodstock and S k o o g 's  (1960) a d a p t a t i o n  o f  t h e  Ogur and R osen (1950) 
p r o c e d u r e  f o r  e s t i m a t i n g  n u c l e i c  a c i d s  was em ployed . The p r e c i p i t a t e  
was t h r i c e  d e f a t t e d  w i th  a 2 :2 :1  m ix tu r e  o f  e t h a n o l ,  d i e t h y l  e t h e r ,  and 
c h lo r o f o r m .  R ib o n u c l e i c  a c i d  (RNA) was e x t r a c t e d  from  t h e  d e f a t t e d  
r e s i d u e  by 5 ml o f  107. PCA a t  4°C f o r  18 h o u r s .  The r e s i d u e  was tw ic e  
r e s u s p e n d e d  and w ashed  w i t h  5 ml vo lum es o f  10% PCA a t  4°C to  a s s u r e  
rem ova l o f  th e  RNA. F i n a l l y ,  th e  r e s i d u e  was t r e a t e d  f o r  30 m in u te s  
a t  55°C w i th  57. PCA t o  e x t r a c t  d e o x y r i b o n u c l e i c  a c i d  (DNA) . B oth  RNA
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and  DNA w ere  e s t i m a t e d  by co m p ar in g  t h e  2 6 0 -2 9 0  a b s o r b a n c e  d i f f e r e n c e s  
t o  s t a n d a r d  v a l u e s  o b t a i n e d  w i t h  c o m m erc ia l  r i b o n u c l e i c  a c i d .
V I .  H i s t o l o g i c a l  s tu d y
Some r o o t s  w e re  p l a c e d  on W h i t e ’ s medium c o n t a i n i n g  6 x 10 
p r o p a n i l  f o r  60 h o u r s .  A t th e  end  o f  t h i s  t im e ,  b o th  c o n t r o l  and 
t r e a t e d  r o o t s  w e re  k i l l e d  and  f i x e d  i n  N a v a s h i n ' s  s o l u t i o n ,  d e h y d r a t e d  
w i t h  an  e t h a n o l - t e r t i a r y  b u t y l  a l c o h o l  s e r i e s ,  and i n f i l t r a t e d  and  em­
b ed d ed  i n  T l s s u e m a te .  Ten m ic ro n  l o n g i t u d i n a l  s e c t i o n s  w e re  s t a i n e d  
w i t h  s a f r a n i n  and  f a s t  g r e e n  ( J o h a n s e n ,  1 9 4 0 ) .
E r i c k s o n . a n d  R o s e n 's  (1949) p r o c e d u r e  was u s e d  f o r  e s t i m a t i n g  t h e  
number o f  c e l l s  an d  c e l l  d i v i s i o n s  o c c u r r i n g  i n  c o r n  r o o t  t i p s .  The 4 
ran o b j e c t i v e  and  10X o c u l a r  w ere  u s e d  t o  exam ine  t h e  s e c t i o n s .  W ith  t h e  
a i d  o f  an  o c u l a r  m ic r o m e te r ,  e s t i m a t e s  on t h e  t o t a l  number o f  c e l l s  and  
number o f  m i t o t i c  f i g u r e s  w e re  made i n  a  s q u a r e  m e a s u r in g  160 u  on one 
s i d e .  The f i r s t  s u c h  s q u a r e  e n c l o s e d  t h e  a r e a  im m e d ia te ly  above  t h e  r o o t  
c a p .  T h re e  m ore su ch  s q u a r e s ,  e a c h  above  t h e  p r e c e d i n g ,  w e re  ex am ined  
m ak ing  a  t o t a l  o f  4 f o r  e a c h  l o n g i t u d i n a l  s e c t i o n ;  t h e s e  4 c o n t ig u o u s  
s q u a r e s  e x te n d e d  t h e  a r e a  o f  o b s e r v a t i o n  from  t h e  b a s e  o f  t h e  r o o t  c ap  
i n t o  t h e  a r e a  o f  m a t u r e ,  e l o n g a t e d  and v a c u o l a t e d  c e l l s .  C e l l  number 
i n  e a c h  s q u a r e  was e s t i m a t e d . b y  c o u n t i n g  t h e  number i n  a t y p i c a l  v e r t i c a l  
f i l e  o f  c e l l s ,  and  t h e  number o f  s u c h  f i l e s  a c r o s s  t h e  s q u a r e ,  t h e n  
fo rm in g  t h e  p r o d u c t  o f  t h e  2 n u m b e rs .  To e s t i m a t e  number o f  c e l l  d i v i ­
s i o n s ,  E r i c k s o n  and  R o s e n ' s  s u g g e s t i o n  t o  c o u n t  o n ly  m e ta p h a s e s  and  
a n a p h a s e s  was em p lo y ed .
RESULTS AND DISCUSSION
\
I .  R oo t e l o n g a t i o n  s t u d i e s
F ig u r e  2 i l l u s t r a t e s  t h e  e l o n a t i o n  r e s p o n s e s  o f  e x c i s e d  D ix ie  18 
c o rn  r o o t s  t o  s e l e c t e d  c o n c e n t r a t i o n s  o f  p r o p a n i l ,  i n c o r p o r a t e d  i n t o  a 
m o d i f i e d  W h i t e ' s  medium. A f t e r  s e v e r a l  p r e l i m i n a r y  t r i a l s ,  i t  was 
fo u n d  t h a t  p r o p a n i l  c o n c e n t r a t i o n s  from  3 t o  12 x 10"^M w ould  p e r m i t  
e l o n g a t i o n  r e s p o n s e s  r a n g i n g  from  a b o u t  857. to  257. o f  c o n t r o l  r o o t  
e l o n g a t i o n  a f t e r  60 h o u r s  on th e  medium. M easurem ents  w ere  t e r m i n a t e d  
a t  60 h o u r s  p r i m a r i l y  b e c a u s e  some o f  t h e  r o o t s  began  b r a n c h in g  soon 
a f t e r  t h i s  t im e .  I n  m o s t e x p e r im e n t s  o f  t h i s  k i n d ,  t h e  c o n t r o l  r o o t s '
i
a v e r a g e  e l o n g a t i o n  r a n g e d  from  1 5 .5  to  1 8 .5  mm p e r  60 h o u r s .  The ex ­
p e r im e n t s  w ere  c o n d u c te d  i n  a  room m a i n t a i n e d  a t  25^2°C , and w i n t e r  
e l o n g a t i o n  a v e r a g e d  l e s s  t h a n  t h a t  o f  summer. In  F ig u r e  2 ,  t h e  i n d i v i ­
d u a l  p o i n t s  r e p r e s e n t  m easu re m e n ts  o f  10 r o o t s  a t  6 h o u r  i n t e r v a l s .  
G e n e r a l l y ,  d i f f e r e n c e s  b e tw een  c o n t r o l  and t r e a t e d  r o o t s  w ere  a lm o s t  
n i l  a f t e r  6 h o u r s  on t h e  medium, b u t  by th e  1 2 th  h o u r ,  d i f f e r e n c e s  b eg an  
t o  a p p e a r .  W hile  th e  c o n t r o l  e l o n g a t i o n  o f  F i g u r e  2 i s  q u i t e  c l o s e  t o  
l i n e a r i t y ,  i t  was u s u a l l y  o b s e r v e d  t h a t  e l o n g a t i o n  f o r  b o th  c o n t r o l  and 
t r e a t e d  r o o t s  a p p a r e n t l y  i n c l u d e s  an  e a r l y  p e r i o d  o f  a d ju s t m e n t  o f  t h e  
r o o t s  t o  t h e  medium. T h u s ,  t h e  f i r s t  12 h o u r s  o f  e l o n g a t i o n  a lm o s t  
a lw ay s  e x c e e d e d  s l i g h t l y  t h e  seco n d  12 h o u r s  on t h e  medium f o r  c o n t r o l  
r o o t s .  I n  a  l i k e  m an n er ,  t r e a t e d  r o o t s  o f t e n  showed t h i s  te n d e n c y  to  
p a s s  th r o u g h  an a d ju s t m e n t  p e r i o d .  H owever, t h e  l e n g t h  o f  t h e  a d j u s t ­
m ent p e r i o d  was i n c r e a s e d  w i th  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  p r o p a n i l .
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F ig u r e  2 .  A v erag e  e l o n g a t i o n  o f  c o r n  r o o t  t i p s  s u b j e c t e d  t o  fo u r  
p r o p a n i l  c o n c e n t r a t i o n s .  Ten r o o t  t i p s  p e r  t r e a t m e n t .
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The 60 h o u r e l o n g a t i o n  d a t a  o f  F ig u r e  2 hav e  b e en  i l l u s t r a t e d  i n  
F i g u r e  3 ; t h e  e l o n g a t i o n  v a l u e s  o f  t h e  p r o p a n i l  t r e a t e d  r o o t s  a r e  ex ­
p r e s s e d  a s  p e r c e n t a g e s  o£ th e  c o n t r o l  r o o t s .  F o r  c o n t r a s t ,  co m p arab ly  
d e r i v e d  e l o n g a t i o n  v a l u e s  f o r  swep and 3 , 4 - d i c h l o r o a n i l i n e  t r e a t e d  
r o o t s  a r e  a l s o  i l l u s t r a t e d .  F ig u r e  3 p e r m i t s  t h e  d e t e r m i n a t i o n  o f  t h a t  
c o n c e n t r a t i o n  w h ich  c a u s e s  a  507o i n h i b i t i o n  o f  e l o n g a t i o n .  S i m i l a r  
e x p e r im e n t s  w i t h  n i n e  o t h e r  compounds r e s u l t e d  i n  t h e  d a t a  shown in  
T a b le  1 .  Swep o r  m e th y l  N - ( 3 , 4 - d i c h l o r o p h e n y l ) - c a r b a m a t e  i s  c l e a r l y  
m o s t  i n h i b i t o r y ;  3 , 4 - d i c h l o r o a n i l i n e  i s  l e a s t  I n h i b i t o r y .  K a r s i l  and 
d i u r o n  a r e  t h e  b e s t  H i l l  r e a c t i o n  I n h i b i t o r s  i n c l u d e d  i n  t h e s e  s t u d i e s ,  
y e t  T a b le  1 shows them  to  be d i s t i n c t l y  weak e l o n g a t i o n  I n h i b i t o r s .  On 
th e  o t h e r  h a n d ,  p r o p a n i l  i s  th e  m ost e f f e c t i v e  o f  t h e  a c y l a n i l i d e s  a s  
an e l o n g a t i o n  i n h i b i t o r  w h ich  i s  i n  a g re e m e n t  w i th  i t s  r e l a t i v e  e f f e c ­
t i v e n e s s  a s  a  H i l l  r e a c t i o n  i n h i b i t o r .  The c a r b a m a te s ,  a s  H i l l  
i n h i b i t o r s ,  a r e  r e p u t e d  t o  be  i n f e r i o r  t o  p h e n y lu r e a s  and  a c y l a n i l i d e s ;  
t h e s e  d a t a ,  h o w ev er ,  show swep t o  be t h e  m o st  p o t e n t  o f  t h e  t e s t e d  com­
pounds  a s  an  i n h i b i t o r  o f  c o rn  r o o t  e l o n g a t i o n .
Of t h e s e  o b s e r v a t i o n s  on r e l a t i v e  e f f e c t i v e n e s s  o f  t h e  com pounds, 
t h e  l a s t  i s  somewhat e x p e c t e d .  As n o t e d  e a r l i e r ,  p h e n y lc a r b a m a te s  a r e  
known t o  be p o t e n t  m i t o t i c  i n h i b i t o r s .  W hile  M ore land  and H i l l  (1939) 
showed some p h e n y lc a rb a m a te s  t o  be  H i l l  r e a c t i o n  i n h i b i t o r s ,  Good (1961) 
was o f  t h e  o p in io n  t h a t  t h e i r  e s t a b l i s h e d  r o l e  a s  m i t o t i c  i n h i b i t o r s  
m o s t  l i k e l y  a c c o u n t s  f o r  t h e i r  h e r b i c i d a l  a c t i v i t y .  Good s t a t e d  t h e  
"m ost c o m p e l l in g "  o f  " s e v e r a l  r e a s o n s "  f o r  t h i s  v iew  was t h e  f a c t  t h a t  
some c a r b a m a te s  h a v in g  a n  o r t h o - s u b s t i t u t e d  a n i l l d e  m o ie ty  a r e  e f f e c t i v e  
h e r b i c i d e s ,  b u t  compounds so  c o n s t i t u t e d  a r e  n o t a b l y  n o t  e f f e c t i v e  H i l l
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I n h i b i t o r  C o n c e n t r a t io n  (x  10’ ^M)
F ig u r e  3 .  S ix ty - h o u r  e lo n g a t io n  d a ta  w i th  c o n t r o l  e lo n g a t io n  a c c e p te d  a s  100Z. P r o p a n i l  
d a t a  a r e  from F ig u re  1. too
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T able  1. C o n c e n t r a t io n s  o f  compounds In d u c in g  507a i n h i b i t i o n  o f  
e lo n g a t io n .
ComDOund
C o n c e n t ra t io n  
(x 10-5 j q
3 , 4 - d i c h l o r o a n i l i n e 13.5
N - ( 3 ,4 - d ic h lo r o p h e n y l ) - a c e ta m id e 8 .6
N -( 3 , 4 -d ic h lo ro p h e n y l ) - p ro p a n a m id e  ( p r o p a n i l ) 6 .7
N - ( 3 ,4 - d ic h lo r o p h e n y 1 ) -b u ta n a m id t 7 .8
N -( 3 , 4 -d ic h lo ro p h e n y l ) - p e n ta n a m id e 8 .0
N -(3 ,4 - d ic h lo ro p h e n y l ) -h e x a n a m id e 9 .0*
N - ( 3 , 4 - d ic h lo ro p h e n y l ) - 2 -m e th a c ry la m id e  ( d i c r y l ) 8 .3
N -(3 ,4 - d ic h lo ro p h e n y l ) -2 -m e th y lp e n ta n a m id e  ( k a r s i l ) 9 .0*
3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - l , 1 - d im e th y lu re a  (d iu ro n ) 9 .5
m eth y l  N - ( 3 ,4 - d ic h lo r o p h e n y l ) - c a r b a m a te  (swep) 3 .0
* 9 ,0  x 10"^M c o n c e n t r a t i o n s  do n o t  induce  507. i n h i b i t i o n .  S o l u b i l i t y  
o f  s t r o n g e r  c o n c e n t r a t i o n s  i s  d o u b t f u l .
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r e a c t i o n  I n h i b i t o r s .  M oreland and H i l l  (1963) a l s o  n o te d  " c h l o r i n a t i o n  
i n  an o r t h o - r i n g  p o s i t i o n  n e g a te d  a c t i o n " ;  th ey  assumed such  c h l o r i n a ­
t i o n  p re v e n te d  t h e  imino hydrogen  from form ing hydrogen  bonds between 
m o le c u le s  a t  th e  " a c t i v e  c e n t e r s "  o f  th e  i n h i b i t e d  e n t i t y .  In  any 
e v e n t ,  th e s e  d a t a  o f  T ab le  1 a r e  n o t  u n ex p ec te d  in  showing a carbam ate  
a t  3 x 10"^M to  be r a t h e r  i n h i b i t o r y  to  r o o t  e lo n g a t io n .  Canvin and 
F r i e s e n  (1959) have  s t r o n g ly  i n h i b i t e d  b a r l e y  r o o t s  a t  even low er con­
c e n t r a t i o n s  w i th  some c a rb a m a te s .
I t  i s  a l s o  n o t  u n e x p ec te d  to  n o te  t h a t  3 , 4 - d i c h l o r o a n i l i n e  i s  
on ly  a weak i n h i b i t o r .  U n lik e  th e  o th e r  a n i l i d e  compounds o f  T ab le  1,
3 , 4 - d i c h l o r o a n i l i n e  la c k s  an imino hydrogen  a s  su ch .  W hile th e  r o l e  o f  
th e  im ino hydrogen  i s  n o t  c l e a r ,  p a s t  i n v e s t i g a t i o n s  have s t r e s s e d  th e  
p re s e n c e  o f  t h i s  hydrogen  i n  h e r b i c i d a l l y  a c t i v e  p h e n y lu re a s ,  p h e n y l­
c a rb a m a te s ,  and a c y l a n i l i d e s  ( H i l t o n ,  J a n s e n ,  and H u l l ,  1963). N ever­
t h e l e s s ,  3 , 4 - d i c h l o r o a n i l i n e  i s  n o t  i n a c t i v e ,  a c c o rd in g  t o  T ab le  1. A. 
507. i n h i b i t o r y  c o n c e n t r a t i o n  o f  th e  compound h a s  a m o l a r i t y  o f  
13 .5  x 10”^ w hich i s  o n ly  22 p a r t s  p e r  m i l l i o n  (ppm).
T ab le  1 shows t h a t  t h e  i n d i v i d u a l  a c y l a n i l i d e s  as r o o t  e lo n g a ­
t i o n  i n h i b i t o r s  o f t e n  ra n k  in  e f f e c t i v e n e s s  a s  th e y  do a s  H i l l  r e a c t i o n  
i n h i b i t o r s .  The m ost o u t s t a n d in g  e x c e p t io n  i s  k a r s i l  which i s  th e  b e s t  
a c y l a n i l i d e  H i l l  r e a c t i o n  i n h i b i t o r ,  b u t  T ab le  1 shows i t  bo be a r e l a ­
t i v e l y  poor r o o t  e l o n g a t i o n  i n h i b i t o r .  However, a s  p r e v io u s ly  n o te d ,
Good h as  shown t h a t  k a r s i l  i s  n o t  v e ry  a c t i v e  as a  p h o to s y n th e t i c  i n h i b i ­
t o r  i n  a system  u s in g  e x c i s e d  bean  le a v e s  r a t h e r  th a n  pea  c h l o r o p l a s t  
s u s p e n s io n s .  T h e r e f o r e ,  k a r s i l ' s  a c t i v i t y  as a p h o t o s y n th e t i c  i n h i b i t o r  
a p p a r e n t ly  v a r i e s  w i th  th e  e x p e r im e n ta l  system s Amployed, and t h e r e  i s
23
no n eed  t o  a n t i c i p a t e  t h a t  t h i s  compound w ould  be a  v e r y  e f f e c t i v e  
c o r n  r o o t  e l o n g a t i o n  i n h i b i t o r *  M o re o v er ,  a s  p r e v i o u s l y  n o t e d ,  k a r t 11 
i s  u n u s u a l  i n  t h a t  m ost o t h e r  a c y l a n i l i d e s  o f  c o m p arab le  l e n g t h  a r e  n o t  
h i g h l y  a c t i v e  H i l l  r e a c t i o n  i n h i b i t o r s *
Of t h e  o t h e r  a c y l a n i l i d e s ,  t h e  p ro p an am id e  i s  m ost a c t i v e l y  i n ­
h i b i t o r y  t o  e l o n g a t i o n ;  t h e  a c e ta m id e  an d  hex an am id e  a r e  l e s s  a c t i v e  
t h a n  t h e  b u ta n a m id e ,  p e n ta n a m id e ,  and  m e th a c r y l a m id e .  T h i s  a g r e e s  
g e n e r a l l y  w i th  t h e i r  r e l a t i v e  e f f e c t i v e n e s s  a s  H i l l  r e a c t i o n  i n h i b i t o r s ,  
e x c e p t  f o r  t h e  b u ta n a m id e .  Good, a s  w e l l  a s  M o re lan d  an d  H i l l ,  fo u n d  t h e  
l a t t e r  t o  be  more c o m p a ra b le  t o  t h e  a c e ta m id e  a s  a  w eak H i l l  r e a c t i o n  
i n h i b i t o r *  N e v e r t h e l e s s ,  t h e  b u ta n a m id e  was shown t o  be e x c e e d ed  o n ly  
by p r o p a n i l  i n  a  s t u d y  by Huffman a n d  A l l e n  (1960)  t h a t  com pared  many 
a c y l a n i l i d e s  a s  p r e - e m e r g e n t  a n d  p o s t - e m e r g e n t  h e r b i c i d e s .  T h is  same 
s tu d y  showed t h e  p e n ta n a m id e  (a  r e l a t i v e l y  good H i l l  r e a c t i o n  I n h i b i t o r )  
t o  be a  p o o r e r  p o s t - e m e r g e n t  h e r b i c i d e  t h a n  a l l  s h o r t e r  a c y l a n i l i d e s *  
P e rh a p s  t h e  b u ta n a m id e  th r o u g h  h y d r o l y s i s  i s  c h an g ed  t o  t h e  l e s s  a c t i v e
3 , 4 - d i c h l o r o a n i l i n e  by enzymes a c t i v e  i n  c h l o r o p l a s t  s u s p e n s i o n s  b u t  n o t  
i n  e x c i s e d  r o o t s *  On t h e  o t h e r  h a n d ,  p e r h a p s  t h e  e i g h t  pounds p e r  a c r e  
a p p l i c a t i o n s  o f  Huffman and  A l l e n  w e re  s im p ly  h eav y  enough f o r  a l l  t h e  
s h o r t e r  (a n d  more s o l u b l e )  a c y l a n i l i d e s  t o  g a i n  e n t r y  t o  t h e  p l a n t s  i n  
su ch  q u a n t i t i e s  t h a t  t h e y  w ere  t o x i c  by some m echanism  n o t  n e c e s s a r i l y  
a s s o c i a t e d  w i t h  more d i l u t e  c o n c e n t r a t i o n s ;  t h e  p e n ta n a m id e  and h e p -  
ta n a m id e  f o r  Huffman and  A l l e n  s im p ly  may n o t  h av e  b een  a b l e  t o  g a i n  
a c c e s s  i n  s u f f i c i e n t  q u a n t i t y  t o  be t o x i c  by an y  m echanism*
I n  a n  e f f o r t  t o  c o n f i r m  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  t h e s e  com­
pounds a s  r o o t  e l o n g a t i o n  i n h i b i t o r s ,  i t  was d e c id e d  t o  s u b j e c t  r o o t s  t o
a  g iv e n  c o n c e n t r a t i o n  known t o  o f f e r  no s o l u b i l i t y  d i f f i c u l t i e s  f o r  
any o f  t h e  com pounds. P r i o r  d a t a  s u g g e s t e d  t h a t  6 .0  x 10" was a 
d e s i r a b l e  c o n c e n t r a t i o n .  The e x p e r im e n t s  w h ich  l e d  t o  th e  d a t a  o f  
T a b le  1 r e v e a l e d  t h a t  a l l  t h e s e  com pounds, e x c e p t  sw ep, w ere  s o l u b l e  
a t  t h i s  c o n c e n t r a t i o n .  T h i s  c o n c e n t r a t i o n  was u s e d  r e p e a t e d l y  f o r  a l l  
com pounds, e x c e p t  swep, i n  g a t h e r i n g  th e  d a t a  o f  T a b le  1; t h e r e f o r e ,  
t h e  b ack g ro u n d  was a v a i l a b l e  f o r  d e t e r m i n i n g  t h e  r e l i a b i l i t y  o f  d a t a  
on i n h i b i t i o n s  o b s e r v e d  a t  t h i s  c o n c e n t r a t i o n .
I n  o r d e r  t o  o b t a i n  d a t a  s u i t a b l e  f o r  s t a t i s t i c a l  a n a l y s i s  i t  was 
d e c id e d  t o  u s e  a s  many r o o t s  a s  p o s s i b l e  i n  one e x p e r im e n t  t h a t  i n c l u d e d  
a l l  compounds e x c e p t  swep. I t  was p o s s i b l e ,  i n  a  f o u r - h o u r  p e r i o d ,  t o  
c u t  380 r o o t  t i p s  and  d i s t r i b u t e  them upon th e  a p p r o p r i a t e  a g a r  s u r ­
f a c e s — one c o n t r o l  l o t  o f  38 r o o t s ,  and n i n e  t r e a t m e n t  l o t s  o f  38 
e a c h .
The 6 0 -h o u r  e l o n g a t i o n  o b s e r v e d  f o r  e a c h  l o t  i s  shown i n  T a b le  2 . 
The r e l a t i v e  i n h i b i t o r y  power o f  t h e  compounds a t  6 x 10"-*M a g r e e s  
g e n e r a l l y  w i t h  w h a t  one  m ig h t  a n t i c i p a t e  from  th e  d a t a  o f  T a b le  1.
T a b le  2 does  s u g g e s t  t h a t  t h e  b u ta n a m id e ,  p e n ta n a m id e ,  and  m e t h a c r y l ­
am ide a r e  s l i g h t l y  more i n h i b i t o r y  t h a n  T a b le  1 I n d i c a t e s ;  h o w e v er ,  t h e  
two l o t s  o f  d a t a  g e n e r a l l y  c o n f i r m  one a n o t h e r .  The b e s t  H i l l  r e a c t i o n  
i n h i b i t o r s ,  d i u r o n  and  k a r s i l ,  a r e  r e l a t i v e l y  p o o r  e l o n g a t i o n  i n h i b i t o r s  
p r o p a n i l  i s  a  m ore p o t e n t  e l o n g a t i o n  i n h i b i t o r ,  a s  a r e  t h e  o t h e r  
a c y l a n i l i d e s  e x c e p t  f o r  t h e  a c e ta m id e  and  h ex an a m id e .  The l e a s t  
a c t i v e  o f  t h e  g ro u p  i s  3 , 4 - d i c h l o r o a n i l i n e ,  b u t  n e v e r t h e l e s s  i t  i s  
s l i g h t l y  i n h i b i t o r y .
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T a b le  2 .  Mean e l o n g a t i o n  o f  c o r n  r o o t  t i p s  a f t e r  60 h o u r s  on W h i t e 's  
medium c o n t a i n i n g  compounds a t  6 x 10~^M.
Mean*
Compound E l o n g a t i o n
(mod
S i g n i f i c a n c e
Group**
P e r  C ent 
E l o n g a t i o n
C o n t r o l 1 6 .5 a 100
3 , 4 - d i c h l o r o a n i l i n e 1 3 .3 b 80
N - ( 3 ,4 - d i c h l o r o p h e n y l ) - a c e t a m i d e 1 1 .0 cd 67
N - ( 3 ,4 - d i c h lo r o p h e n y l ) - p r o p a n a m i d e 9 .1 e 55
N - ( 3 , 4 - d i c h l o r o p h e n y l ) - b u t a n a m i d e 9 .3 ft 56
N - ( 3 ,4 - d i c h l o r o p h e n y l ) - p e n t a n a m i d e 9 .6 ed 58
N -( 3 , 4 - d i c h l o r o p h e n y l ) - h e x a n a m id e 1 1 .2 cd 68
N - ( 3 ,4 - d i c h l o r o p h e n y l ) - m e t h a c r y l a m i d e 9 .6 ed 58
N - ( 3 , 4 - d i c h l o r o p h e n y l ) - 2 -  
m e th y lp e n ta n a m id e 1 1 .7 c 71
3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - 1 - d i m e t h y l u r e a 1 1 .6 c 70
*Means d e te r m in e d  from  36 t o  38 r o o t s  p e r  t r e a t m e n t .
**Means fo l lo w e d  by t h e  same l e t t e r  o r  l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  5% l e v e l .
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I n  o r d e r  to  d e te r m in e  th e  s i g n i f i c a n c e  o f  d i f f e r e n c e s  be tw een  
t h e  t e n  l o t s  o f  d a t a  s u p p o r t i n g  T a b le  2 ,  an  a n a l y s i s  o f  v a r i a n c e  was 
p e r  f  a r — 4 .
S o u rc e  o f  
V a r i a t i o n
D eg ree s  o f  
Freedom
Sum o f  
S q u a re s
Mean S q u a re s  
o r  V a r ia n c e F
T o t a l 375 5 ,8 4 1 ,
B etw een 9 1 ,7 5 6 195 1 7 .7
W ith in 366 4 ,0 8 5 11
The F v a l u e  o f  1 7 .7  e x c e e d s  t h e  v a l u e  n e c e s s a r y  t o  i n d i c a t e  
s i g n i f i c a n c e  a t  th e  IX l e v e l  ( S n e d e c o r ,  1 9 5 5 ) .  I n  an  e f f o r t  t o  u n c o v e r  
t h e  l o c a t i o n  o f  s i g n i f i c a n t  d i f f e r e n c e s ,  D u n c a n 's  " m u l t i p l e  r a n g e  t e s t "  
(D uncan , 1955) was em p lo y ed . As I n d i c a t e d  by t h e  l e t t e r  d e s i g n a t i o n s  
accom pany ing  t h e  means o f  T a b le  2 ,  t h e  c o n t r o l  mean d i f f e r s  s i g n i f i c a n t l y  
from  a l l  t r e a t m e n t  m eans , i n c l u d i n g  t h e  m i l d l y  i n h i b i t o r y  3 , 4 - d i c h l o r o -  
a n i l i n e .  The 3 , 4 - d i c h l o r o a n i l i n e  v a l u e  a l s o  d i f f e r s  s i g n i f i c a n t l y  from  
a l l  o t h e r  m eans . The s t a t i s t i c a l  d a t a  c o n f i r m  t h e  s u g g e s t i o n s  a l r e a d y  
made; d i u r o n  and k a r s i l  a r e  s i g n i f i c a n t l y  l e s s  i n h i b i t o r y  th a n  t h e  b e t t e r  
a c y l a n i l i d e s ,  and t h e  b e t t e r  a c y l a n i l i d e s  a r e  p r o p a n i l  and t h e  b u ta n a m id e ,  
p e n ta n a m id e ,  and m e th a c r y l a m id e .  T h ese  l a t t e r  f o u r  do n o t  d i f f e r  s i g n i ­
f i c a n t l y  a s  i n h i b i t o r s  a t  6 x 10”^M.
I I .  R e s p i r a t o r y  s t u d i e s
B ec a u se  o f  t h e  e f f e c t i v e n e s s  o f  p r o p a n i l  a s  an  i n h i b i t o r  o f  b o th  
r o o t  e l o n g a t i o n  and  th e  H i l l  r e a c t i o n ,  i t s  im p o r ta n c e  i n  weed c o n t r o l  i n  
r i c e  and  t h e  a p p a r e n t  l a c k  o f  any  b a s i c  d a t a  on  i t s  p h y s i o l o g i c a l  e f f e c t s ,  
t h e  f o l l o w i n g  s t u d i e s  w ere  c o n d u c te d .
As I l l u s t r a t e d  by F i g u r e  3 ,  p r o p a n i l  a t  from  3 x 10” ^M t o  
12 x 10” ^M i n d u c e s  6 0 -h o u r  e l o n g a t i o n  i n h i b i t i o n s  r a n g i n g  from  a b o u t  
85% t o  25%, r e s p e c t i v e l y .  The oxygen  u p t a k e  o f  su ch  t r e a t e d  r o o t s  
was d e t e r m in e d  an d  t h e s e  d a t a  a r e  shown i n  T a b le  3 a lo n g  w i t h  t h e  
n i t r o g e n  c o n t e n t  o f  e a c h  l o t  o f  r o o t s .  I t  i s  c l e a r  t h a t  t h e  e f f e c t  
o f  a l l  t h e s e  p r o p a n i l  c o n c e n t r a t i o n s  i s  t o  i n c r e a s e  Qq ^(N)  v a l u e s  o v e r  
t h o s e  o f  c o n t r o l  r o o t s .  The oxygen  u p ta k e  o f  r o o t s  s u b j e c t e d  t o  
6 x  1 0 '^ H  p r o p a n i l  a v e r a g e s  s l i g h t l y  m ore th a n  o t h e r  p r o p a n i l  t r e a t ­
m e n t s ,  b u t  t h e  s t i m u l a t i o n  o f  r e s p i r a t i o n  d o e s  n o t  seem t o  be  p r o p o r ­
t i o n a l  t o  c o n c e n t r a t i o n .  The r e s p i r a t o r y  i n c r e a s e s  a v e r a g e  n e a r l y  t h e  
same f o r  a l l  f o u r  t r e a t m e n t s  i n  s p i t e  o f  t h e  s t r i k i n g  e l o n g a t i o n  d i f f e r ­
e n c e s  b e tw e e n  t r e a t m e n t s .  I t  w i l l  be  r e c a l l e d  t h a t  3 x 10 t r e a t e d  
r o o t s  a r e  o f t e n  v i s u a l l y  i n d i s t i n g u i s h a b l e  from  c o n t r o l  r o o t s  w h i l e  
12 x 10"^M t r e a t e d  r o o t s  a r e  l e s s  t h a n  h a l f  a s  lo n g .  N e v e r t h e l e s s ,  
t h e s e  d a t a  o f  T a b le s  3 and  4 c l e a r l y  j u s t i f y  t h e  c o n c l u s i o n  t h a t  
p r o p a n i l ,  a t  t h e  f o u r  c o n c e n t r a t i o n s  e m p lo y e d ,  i n c r e a s e s  e x c i s e d  c o rn  
r o o t  r e s p i r a t i o n .
The ab o v e  d a t a  on o x y g en  u p ta k e  a r e  e x p r e s s e d  on a  n i t r o g e n  b a s i s .
I t  w i l l  be n o t e d  i n  T a b le  3 t h a t  t h e  n i t r o g e n  c o n t e n t  o f  t r e s t e d  r o o t s  
v a r i e s  w i t h  p r o p a n i l  c o n c e n t r a t i o n ,  b u t  i t  i s  g e n e r a l l y  e q u a l  t o  o r  
h i g h e r  t h a n  t h a t  o f  c o n t r o l  r o o t s .  T h e r e f o r e ,  i f  oxygen  u p t a k e  d a t a  
w e re  t o  be e x p r e s s e d  on a  " p e r  r o o t "  b a s i s ,  t h e  r e l a t i v e  i n c r e a s e s  w ould  
be  a s  g r e a t  o r  g r e a t e r  t h a n  t h o s e  o b s e r v e d  on a  n i t r o g e n  b a s i s  i n  T a b le  4 .  
F i g u r e  4 shows t h a t  oxygen  u p ta k e  v a l u e s  o f  some o f  t h e  t r e a t e d  r o o t s  
a r e  a lm o s t  tw ic e  t h a t  o f  c o n t r o l  r o o t s  on  a  " p e r  10 r o o t s "  b a s i s ,  b u t  
su ch  i s  n o t  t r u e  i n  a  c o m p a r iso n  on  a  " p e r  m i l l i g r a m  o f  n i t r o g e n "  b a s i s .
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T a b le  3 . Qc^C^O v a l u e s  o f  c o r n  r o o t  t i p s  t r e a t e d  w i t h  f o u r  p r o p a n i l  
c o n c e n t r a t i o n s .  P a r e n t h e s e s  e n c l o s e  mg N/10 r o o t  t i p s .
Exp. P r o p a n i l  C o n c e n t r a t i o n  (x  10"-*M)
Ho. 0 3 6 9 12
1 95 ( 0 .1 9 ) 122 ( 0 .2 6 ) 123 ( 0 .2 2 ) 116 ( 0 .2 1 ) 128 ( 0 .1 8 )
2 100 ( 0 .2 0 ) 131 ( 0 .2 2 ) 144 ( 0 .2 1 ) 116 ( 0 .1 8 ) 113 ( 0 .1 9 )
3 110 ( 0 .2 0 ) i2 5  ( 0 .2 8 ) 131 ( 0 .2 8 ) - 128 ( 0 .2 6 )
4 89 ( 0 .1 9 ) 113 ( 0 .3 0 ) 135 ( 0 .2 9 ) 112 ( 0 .2 4 ) 119 ( 0 .2 4 )
5 90 (0 .1 9 } 109 ( 0 .2 5 ) 119 ( 0 .2 4 ) 121 ( 0 .2 1 ) 125 ( 0 .2 0 )
Mean 96 ( 0 .1 9 ) 120 ( 0 .2 6 ) 130 ( 0 .2 4 ) 116 ( 0 .2 1 ) 123 ( 0 .2 1 )
T a b le  4 . The d a t a  o f  T a b le  3 v i t h  
e x p r e s s e d  a s  p e r  c e n t  o f
QO2 OO i n c r e a s e s  
c o n t r o l  v a l u e s .
o f  t r e a t e d  r o o t s
Exp. P r o p a n i l  C o n c e n t r a t i o n  (x  10-5 M)
Ho. 3 6 9 12
1 28 29 22 35
2 31 44 16 13
3 14 19 - 16
4 27 52 26 34
5 21 32 34 46
Mean 24 35 25 29
130 A
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110
126 930
P r o p a n i l  Cone, (x  10“^M)
32
28
P r o p a n i l  Cone, (x  10“5m)
F ig u r e  4 .  Oxygen u p ta k e  o f  c o r n  r o o t  t i p s  p e r  mg n i t r o g e n  (A) and 
p e r  10 r o o t s  ( B ) .
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b a s i s .  T h is  l a s t  p o i n t  i s  b e t t e r  i l l u s t r a t e d  by F ig u r e  5 .  The p e r  
c e n t  I n c r e a s e s  i n  oxygen u p ta k e  o f  t r e a t e d  o v e r  c o n t r o l  r o o t s  a r e  much 
h i g h e r  i n  F ig u r e  5B th a n  th e y  a r e  i n  F ig u r e  5A. As p r e v i o u s l y  i n d i c a t e d ,  
t h i s  i s  a co n seq u en ce  o f  t h e  i n c r e a s e d  n i t r o g e n  c o n te n t  o f  t r e a t e d  r o o t s .  
T a b le  3 I n d i c a t e s  t h a t  t h e s e  n i t r o g e n  i n c r e a s e s  a r e  h i g h e s t  in  t h e  l e a s t  
v i s i b l y  a f f e c t e d  r o o t e - - t h o s e  t r e a t e d  w i th  t h e  two low er p r o p a n i l  c o n ­
c e n t r a t i o n s  .
S in c e  th e  low er p r o p a n i l  c o n c e n t r a t i o n s  e f f e c t i v e l y  i n c r e a s e  
6 0 -h o u r  n i t r o g e n  c o n te n t  and oxygen u p ta k e ,  i t  was d e c id e d  t o  make u se  
o f  3 x 10"^M p r o p a n i l  t r e a t m e n t s  t o  d e te r m in e  how soon  su ch  I n c r e a s e s  
m ight be  d e t e c t e d .  F ig u r e  6A i n d i c a t e s  t h a t  t h e  6 0 -h o u r  oxygen u p ta k e  
l e v e l s ,  on a n i t r o g e n  b a s i s ,  a r e  low er th a n  th o s e  o f  r o o t s  on th e  medium 
o n ly  20 h o u rs  f o r  b o th  t r e a t e d  and c o n t r o l  r o o t s ,  e s p e c i a l l y  f o r  t h e  
l a t t e r .  O b v io u s ly ,  t h i s  i s  a  co n seq u en ce  o f  n i t r o g e n  i n c r e a s e s  p e r  r o o t  
w i t h  t im e  ( F ig u r e  7 ) ,  o f  a g r e a t e r  r e l a t i v e  m ag n itu d e  t h a n  oxygen u p ta k e  
i n c r e a s e s  p e r  r o o t  w i th  t im e  ( F ig u r e  6 B ) • I n  f a c t ,  F ig u r e  6B s u g g e s t s  
no change  in  t h e  p e r  r o o t  co n su m p tio n  o f  oxygen by c o n t r o l  r o o t s .  T h is  
s t a b i l i t y ,  accom panied  by s m a l l  n i t r o g e n  i n c r e a s e s  w i t h  t im e  ( F ig u r e  7) 
c o n t r i b u t e s  t o  t h e  c o n t r o l  r o o t s '  r e s p i r a t o r y  d e c r e a s e  o f  JF lg u re  6A. 
F ig u r e  6A a l s o  shows r e s p i r a t i o n  i n  t r e a t e d  r o o t s  t o  be  a b o u t  t h e  same 
a t  40 and 60 h o u r s .  T h is  s t a b i l i t y  i s  a  c o n seq u en ce  o f  s i m i l a r  " p e r  
r o o t "  i n c r e a s e s  i n  b o th  n i t r o g e n  c o n t e n t  and oxygen u p ta k e  from  40 to
60 h o u rs  a s  may be  s e e n  in  F ig u r e s  6B and 7 .
R e s p i r a t o r y  q u o t i e n t s  w ere  d e te r m in e d  on c o n t r o l  and 3 x  10~^M
t r e a t e d  r o o t s  a f t e r  60 h o u rs  on t h e  medium. T a b le  5 shows t h a t  t h e  R.Q.
d a t a  f o r  c o n t r o l  and t r e a t e d  r o o t s  a r e  t h e  same f o r  t h e  tw o -h o u r
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F ig u r e  5 .  P e r  c e n t  i n c r e a s e s  in  oxygen u p ta k e  o f  p r o p a n i l  t r e a t e d  
c o rn  r o o t  t i p s  p e r  mg n i t r o g e n  (A) and p e r  10 r o o t s  (B ) .
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6 .  Oxygen u p ta k e  o f  c o n t r o l  and  t r e a t e d  c o r n  r o o t  t i p s  p e r  mg 
n i t r o g e n  (A) an d  p e r  10 r o o t s  (B) a f t e r  2 0 ,  4 0 ,  and  60 h o u r s  
on  W h i t e ' s  medium.
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F ig u r e  7 .  N i t r o g e n  c o n t e n t  o f  c o n t r o l  a n d  t r e a t e d  c o r n  r o o t  t i p s  a f t e r  
2 0 ,  4 0 ,  and  60 h o u r s  on t h e  medium.
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T a b le  3 .  R e s p i r a t o r y  Q u o t i e n t s  o f  e x c i s e d  c o rn  r o o t  t i p s .
T rea tm e n t Time (m in) 02 U ptake* C02 O u tp u t* R.Q.
C o n tro l 0 -  60 2 9 .6 2 9 .2 0 .9 9
60-120 3 5 .5 3 0 .3 0 .8 5
C o n tro l 0 -  60 3 1 .1 3 0 .1 0 .9 7
60-120 3 5 .2 3 1 .5 0 .8 9
3 x 10_5M 0 -  60 5 1 .9 5 1 .3 0 .9 9
P r o p a n i l 60-120 5 4 .8 4 8 .3 0 .8 8
3 x 10-5M 0 -  60 5 2 .1 5 1 .0 0 .9 8
P r o p a n i1 60-120 5 3 .6 4 5 .0 0 .8 4
* M i c r o l i t e r s / h r / l 5  r o o t s
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e x p e r im e n t .  The f i r s t  h o u r  v a l u e s  a r e  n e a r  u n i t y  w hich  i n d i c a t e s  t h a t  
b o th  c o n t r o l  and t r e a t e d  r o o t s  c o u ld  be  o x i d i z i n g  c a r b o h y d r a t e s .  T h is  
would be a n t i c i p a t e d  s in c e  t h e  r o o t s  came from  a medium c o n t a i n i n g  2% 
s u c r o s e .  The second  hou r d e c l i n e  i n  R.Q. l e v e l s  i s  com parab le  f o r  
c o n t r o l  and t r e a t e d  r o o t s .  I t  does  n o t  seem r e a s o n a b le  t h a t  t h i s  
d e c l i n e  w ould i n d i c a t e  a change i n  r e s p i r a t o r y  s u b s t r a t e  t o  so s h o r t  
a  t im e .  H a r le y  and B eev e rs  (1963) r e p o r t e d  an R.Q. d e c l i n e  o f  from 
0 .9 8  t o  0 .9 2  by e x c i s e d  co rn  r o o t s  d u r in g  a 195 m in u te  p e r i o d .
I I I .  N i t r o g e n  c o n t e n t  and f r e s h  w e ig h t  o f  6 0 -h o u r r o o t s  a s  a f f e c t e d
by 3 x lO ^ M  p r o p a n i l
T a b le  6 r e p r e s e n t s  t h e  d a t a  o f  s e v e r a l  e x p e r im e n t s  t o  d e te rm in e  
w h e th e r  th e  n i t r o g e n  i n c r e a s e s  a s s o c i a t e d  w i th  3 x 10~^M p r o p a n i l  t r e a t ­
m en ts  w ere  a t t r i b u t a b l e  to  p r o t e i n  o r  n o n - p r o t e i n  c o n s t i t u e n t s .  These 
d a t a  show t h a t  t h i s  p r o p a n i l  c o n c e n t r a t i o n  e f f e c t s  a g e n e r a l  i n c r e a s e  
i n  n i t r o g e n .  P r o t e i n  n i t r o g e n  a s  a  p e r  c e n t  o f  t o t a l  n i t r o g e n  re m a in s  
th e  same f o r  b o th  c o n t r o l  and t r e a t e d  r o o t s .  As i n d i c a t e d  by T ab le  7 ,  
p r o p a n i l  a t  t h i s  c o n c e n t r a t i o n  c a u s e s  c o rn  r o o t s  t o  be s l i g h t l y  s h o r t e r  
b u t  a b o u t  a s  heavy a s  c o n t r o l  r o o t s .  T h e r e f o r e ,  t h e  i n c r e a s e s  in  
n i t r o g e n  l e v e l s  on a  p e r  r o o t  b a s i s  w ould  be  o f  co m p arab le  m ag n itu d e  
on a  f r e s h  w e ig h t  b a s i s .
These  n i t r o g e n  and  f r e s h  w e ig h t  i n c r e a s e s  o c cu r  u n d e r  t h e  i n ­
f l u e n c e  o f  an  h e r b i c i d e  c o n c e n t r a t i o n  t h a t  g e n e r a l l y  seems i n e f f e c t i v e .  
Such i n c r e a s e s  a r e  n o t  u n iq u e  t o  p r o p a n i l .  I n c r e a s e s  w ere  shown t o  o ccu r  
i n  60 h o u r s  o r  l e s s  i n  2 ,4 -D  t r e a t e d  soy b ean  h y p o c o ty l  segm ents  and 
s e e d l i n g s  (Key and H anson, 1961) a s  w e l l  a s  i n  cucumber h y p o c o ty l s  and 
c o rn  m e s o c o ty ls  (W est, e t,  a l ,  1 9 6 0 ) .  Soybean h y p o c o ty l  segm ents  t r e a t e d
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T ab le  6 . P r o t e i n  and n o n - p r o t e i n  n i t r o g e n  c o n te n t  o f  6 0 -h o u r  c o n t r o l  
and p r o p a n i l  t r e a t e d  r o o t s .
T o t a l  N 
ux/R oot
N o n -p ro te in  N 
uR/Root
P r o t e i n  N 
UR/ROOt
P r o t e i n  N 
as X o f  T o t a l
C o n tro l 16 .5 6 .5 10 .0 60
18.5 7 .1 1 1 .4 62
15 .5 4 .8 10 .7 69
17 .4 5 .5 11.9 68
21 .7 9 .3 12 .4 57
18.9 7 .7 11 .2 59
1 8 .4 7 .7 10.7 58
C o n tro l  Means 18 .1 6 .9 11.2 62
3 x 10_5M 21.2 7 .1 14 .1 66
P r o p a n i l 21 .6 7 .5 14.1 65
22 .0 7 .9 14.1 64
23 .7 8 .0 15 .7 66
23 .9 10 .0 13.9 58
20 .3 8 .2 12.1 60
22 .2 8 .7 13 .5 61
P r o p a n i l  Means 22 .1 8 .2 13.9 63
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T a b le  7* E l o n g a t io n  and f r e s h  w e ig h t  o f  c o n t r o l  and 3 x 10'^M P r o p a n i l  
t r e a t e d  6 0 -h o u r  c o rn  r o o t s * .
Exp.
No.
F r e s h  W eight Mean E lo n g a t io n
mg/Root
*  o f  
C o n t r o l mm
% o f  
C o n t r o l
1 C o n tro l 9 .0 2 1 6 .4
P r o p a n l 1 8 .8 0 97 1 3 .4 83
2 C o n t ro l 1 2 .0 4 18 .2
P r o p a n i l 1 2 .2 8 102 1 5 .4 85
3 C o n t r o l 10 .29 15.6
P r o p a n i l 10 .41 101 12 .9 83
4 C o n tro l 1 1 .9 4 1 7 .2
P r o p a n i l 1 2 .7 4 107 1 5 .3 89
5 C o n tro l 1 3 .3 4 1 8 .4
P r o p a n i l 13 .46 101 1 5 .0 82
*46 t o  50 r o o t s  p e r  l o t .
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w i th  10 ppm 2 ,4 -D  i n c r e a s e d  i n  w e ig h t  more th a n  c o n t r o l s ;  w h ereas
t
segm en ts  t r e a t e d  w i th  500 ppm 2 ,4 -D  i n c r e a s e d  in  w e ig h t  l e s s  th a n  
c o n t r o l s .
IV. A cid  s o l u b l e  n u c l e o t i d e  c o n t e n t  o f  6 0 -h o u r  r o o t s  a s  i n f l u e n c e d  
by 3 x  10~5m p r o p a n i l
A cid  s o l u b l e  n u c l e o t i d e s  w ere  e s t i m a t e d  in  t h e  p e r c h l o r i c  a c id  
s u p e r n a t a n t  f r a c t i o n  a f t e r  c e n t r i f u g a t i o n  o f  th e  r o o t  hom ogenates .
F ig u r e  8 i l l u s t r a t e s  th e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  r e p r e s e n t a ­
t i v e  s u p e r n a t a n t  a l i q u o t s  o f  c o n t r o l  and p r o p a n i l - t r e a t e d  r o o t s  a f t e r  
60 h o u rs  on t h e  medium. The form  o f  t h e s e  s p e c t r a  i s  t y p i c a l  o f  com­
p a r a b l e  p e r c h l o r i c  a c i d  s u p e r n a t a n t s  o f  o t h e r  p l a n t  t i s s u e s  i n c lu d in g  
c o rn  s c u t e l l a  (C h e r ry ,  1 9 6 3 ) .  F ig u r e  8 i s  r e p r e s e n t a t i v e  in  showing 
g r e a t e r  a b so rb a n c e  f o r  th e  p r o p a n i l - t r e a t e d  sam p le .  F ig u r e  8 io  a l s o  
t y p i c a l  i n  i n d i c a t i n g  t h a t  t h e  260 m inus 290 a b so rb a n c e  d i f f e r e n c e  i s  
g r e a t e r  f o r  th e  c o n t r o l  sam p le .  T h is  g r e a t e r  260 m inus 290 a b so rh a n c e  
d i f f e r e n c e  f o r  c o n t r o l  sam p les  was h i g h l y  r e p r o d u c i b l e  a s  shown by 
T a b le  8 .  T h e r e f o r e ,  when th e  260-290 a b so rb a n c e  d i f f e r e n c e  i s  u sed  
a s  an e s t i m a t e  o f  n u c l e o t i d e  c o n t e n t ,  t h e  c o n t r o l  l o t s  i n v a r i a b l y  
ex ceed  th e  t r e a t e d  l o t s ,  a s  i n d i c a t e d  i n  T ab le  8 .
I t  i s  p o s s i b l e  t h a t  t h e  h ig h e r  n u c l e o t i d e  c o n te n t  o f  c o n t r o l  l o t s  
s u g g e s te d  by th e  260-290  d a t a  i s  an  a r t i f a c t .  Key and Hanson (1961) have  
shown t h a t  2 ,4 -D  t r e a t e d  soybean  h y p o c o ty l s  i n c r e a s e d  i n  a s c o r b i c  a c i d  
c o n t e n t  a s  w e l l  a s  i n  s o l u b l e  n u c l e o t i d e s .  I f  th e  p r o p a n i l - t r e a t e d  r o o t s  
r e s p o n d  s i m i l a r l y ,  t h e  h ig h  290 a b so rb a n c e  o f  such  r o o t s  c o u ld  r e f l e c t  
e l e v a t e d  a s c o r b i c  a c id  c o n t e n t ,  and t h i s  w ould  i n v a l i d a t e  t h e  260-290 
a b s o r p t i o n  d i f f e r e n c e  a s  a s u i t a b l e  q u a n t i t a t i v e  n u c l e o t i d e  e s t i m a t i o n .
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F ig u r e  8 .  U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  p e r c h l o r i c  a c i d
s u p e r n a t a n t s  o f  c o n t r o l  and  3 x 10"^M p r o p a n i l  t r e a t e d  
c o r n  r o o t  h o m o g e n a te s .
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T a b le  8 .  U l t r a v i o l e t  a b s o r p t i o n  d a t a  o f  p e r c h l o r i c  a c i d  s u p e r n a t a n t s  
o f  c o n t r o l  and  3 x  10"-*M p r o p a n i l  t r e a t e d  c o r n  r o o t  homo- 
g e n a t e * '  S o l u b l e  n u c l e o t i d e s  a s  ug o f  a d e n o s i n e  m o n o p h o s p h a te .
Exp.
No.
A b so rb a n c e  (mu)
260 290 2 6 0 -2 9 0
N u c l e o t i d e s  a s  
ug AM P/root
X o f  
C o n t r o l
1 C o n t r o l .2 0 4 .148 .056 4 . 7
P r o p a n i l .239 .200 .039 3 .2 68
2 C o n t r o l .225 .156 .069 6 . 4
P r o p a n i l .282 .233 .049 4 . 7 73
3 C o n t r o l .227 .161 .066 5 .5
P r o p a n i l .3 0 5 .2 6 8 .037 3 .1 56
4 C o n t r o l .2 6 8 .1 8 8 .080 6 . 7
P r o p a n i l .381 .338 .043 3 .6 54
5 C o n t r o l .3 0 0 .2 2 0 .080 6 . 8
P r o p a n i l .372 .3 3 3 .039 3 .3 49
AO
V. The E f f e c t  o f  3 x  1 0 " p r o p a n i l  on n u c l e i c  a c i d  c o n t e n t  o f  
e x c i s e d  co rn  r o o t s .
T a b le  9 shows th e  w eak ly  i n h i b i t e d  p r o p a n i l - t r e a t e d  c o rn  r o o t s  
t o  hav e  i n c r e a s e d  n u c l e i c  a c i d  c o n t e n t s  o f  from  217® t o  43% more th a n  
c o n t r o l  r o o t s  a f t e r  60 h o u r s  on th e  medium. S in c e  f r e s h  w e ig h t s  a r e  
a b o u t  th e  same f o r  b o th  l o t s , t h e s e  i n c r e a s e s  a r e  o f  th e  same m ag n itu d e  
on a f r e s h  w e ig h t  b a s i s .  The p e r  c e n t  i n c r e a s e s  in  RNA f o r  th e  p r o p a n i l  
t r e a tm e n t  a p p ro x im a te  th e  p e r  c e n t  i n c r e a s e s  i n  t o t a l  n u c l e i c  a c id  
s in c e  m ost o f  t h e  n u c l e i c  a c id  i s  RNA, The DNA c o n t e n t  i s  c o n s i d e r a b l y  
low er t h a n  KNA and somewhat more v a r i a b l e  b u t  p r o p a n i l  does  i n c r e a s e  
DNA c o n t e n t  i n  a l l  e x p e r im e n t s .
The amount o f  RNA h e r e  r e p o r t e d  p e r  gram f r e s h  w e ig h t  o f  t i s s u e  
i s  s l i g h t l y  low er th a n  C h e r r y ’ s (1962) c o n t r o l  v a l u e s  (907 ug  RNA/g f r .  
w t . )  f o r  c o rn  r o o t  t i p s .  However, C herry  u s e d  0 .5  cm t i p s  and an 
i n c u b a t i o n  p e r i o d  o f  16 h o u r s .  M oreover,  Woodstock and Skoog (1960) 
have  shown t h a t  r o o t  t i p s  from d i f f e r e n t  l i n e s  o f  c o r n  v a r y  c o n s i d e r ­
a b ly  i n  t h e i r  n u c l e i c  a c id  c o n t e n t .
C h erry  h a s  n o te d  t h a t  RNA d e c r e a s e s  i n  c o n t r o l  c o rn  r o o t  t i p s  
d u r in g  16 h o u r s . i n c u b a t i o n  from 1192 t o  907 u g /g  f r e s h  w e ig h t .  S i m i l a r  
d e c r e a s e s  i n  RNA o f  c o n t r o l  soybean  h y p o c o ty l  segm en ts  d u r in g  12 h o u r s  
(f rom  2 .35  t o  2 .0 7  mg/g f r e s h  w e ig h t )  a r e  r e p o r t e d  by Key and Hanson 
(1 9 6 1 ) .
I t  may be t h a t  t h e  h ig h e r  c o n t e n t  o f  RNA h e r e  r e p o r t e d  f o r  t h e  
p r o p a n i l  t r e a t m e n t  i s  due i n  p a r t  a t  l e a s t  t o  an  i n h i b i t i o n  o f  RNA l o s s  
r a t h e r  th a n  t o  a  p r o p a n i l - i n d u c e d  i n c r e a s e  i n  RNA s y n t h e s i s .
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T a b le  9 .  The e f f e c t  o f  3 x 10~^M p r o p a n i l  on n u c l e i c  a c i d  c o n te n t  o f  
e x c la e d  c o rn  r o o t a .
Exp.
No.
uft N u c le ic  A c ld /R o o t 
T o t a l  RNA DNA
X I n c r e a s e  In  T o t a l  
N u c le ic  A cid  Over 
C o n t ro l  V alue
1 C o n tro l 5 .6 4 .5 1 .1
T r e a te d 8 .1 6 .6 1 .5 43
2 C o n tro l 9 .6 8 .5 1 .1
T r e a te d 11 .6 10 .1 1 .5 21
3 C o n tro l 7 .4 6 .2 1 .2
T r e a te d 10 .4 8 .1 2 .3 41
4 C o n tro l 9 .0 7 .1 1 .9
T r e a te d 1 1 .3 8 .7 2 .6 26
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P r i o r  t o  n u c l e i c  a c i d  e x t r a c t i o n ,  c o n t r o l  t i s s u e s  were i n v a r i a b l y  
p in k  c o lo r e d  w h i le  p r o p a n i l  t r e a t e d  t i s s u e s  w ere  c o l o r l e s s .  The p in k  
c o l o r  o f  th e  fo rm er was r e a d i l y  removed d u r in g  t i s s u e  d e f a t t i n g  j u s t  
b e f o r e  n u c l e i c  a c i d  e s t i m a t i o n .  The a b s o r p t io n  s p e c t r a  o f  such  p in k  
p K t r a c t s  a lw ays showed a b ro ad  maximum around 540 mu, and t h i s  maximum 
was a lw ays a b s e n t  from p r o p a n i l  t r e a t e d  e x t r a c t s .  I t  i s  s u g g e s te d  t h a t  
t h e s e  a b s o r p t io n  d a t a  may i n d i c a t e  a re d u c ed  cytochrom e p r e s e n t  t o  a 
g r e a t e r  e x t e n t  i n  t h e  c o n t r o l  r o o t s  th a n  i n  p r o p a n i l  t r e a t e d  r o o t s .
V I. C y to lo g ic a l  changes  i n  6 0 -h o u r  r o o t s  t r e a t e d  w i th  6 x 10~^M 
p r o p a n i l
The s u g g e s t io n s  o f  E r ic k s o n  an'd Rosen (1949) w ere  employed to  
s tu d y  th e  c y t o l o g i c a l  e f f e c t s  o f  6 x 10~^M p r o p a n i l  on 6 0 -h o u r  r o o t s .
As an in d ex  o f  m i t o t i c  a c t i v i t y ,  m e tap h ases  and a n ap h ases  w ere  c o u n ted  
i n  n in e  c o n t r o l  and n in e  p r o p a n i l - t r e a t e d  r o o t  s e c t i o n s .  These d a ta  
a r e  shown i n  T a b le  10. M etaphases  and a n ap h a se s  were v e ry  r a r e  i n  t h e  
p r o p a n i l - t r e a t e d  t i s s u e  and th e  fo u r  w hich were c o u n ted  were a l l  d o u b t f u l .
The p r o p a n i l - t r e a t e d  r o o t s  te n d ed  t o  have  l a r g e r  v a c u o le s ,  more 
g r a n u l a r  c y to p la sm ,  and more deep s t a i n i n g  c e l l s  th a n  t h e  c o n t r o l  r o o t s .  
A ls o ,  a l l  o f  th e  n u c l e i  o f  th e  p r o p a n i l - t r e a t e d  c e l l s  w ere  i n  t h e  i n t e r ­
p h ase  o r  p ro p h a se  s t a g e s .  These  o b s e r v a t i o n s  a r e  s i m i l a r  t o  th o s e  o f  
E r ic k s o n  and Rosen (1949) i n  t h e i r  d e s c r i p t i o n  o f  th e  e f f e c t s  o f  p r o -  
toanem onin  on c o rn  r o o t s .  They r e p o r t e d  t h a t  p ro to a n e m o n ln ,  a low 
m o le c u la r  w e ig h t  l a c t o n e ,  b lo c k s  m i t o s i s  b u t  " i n  a  manner q u i t e  d i f f e r e n t  
from  t h a t  o f  c o l c h i c i n e . "  The a u th o r s  n o te  t h a t  " a f t e r  c o l c h i c i n e ,  th e  
c y t o l o g i c a l  p i c t u r e  i s  t h a t  o f  an  e x c e s s iv e  nunfcer o f  n u c l e i  in  th e
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F ig u r e  9 .  A b s o r p t io n  s p e c t r a  o f  s o l u t i o n s  e x t r a c t e d  from  p e r c h l o r i c  a c i d  p r e c i p i t a t e s  o f  
c o n t r o l  and  3 x  10”5M p r o p a n i l  t r e a t e d  c o r n  r o o t s .
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T a b le  1 0 .  The e f f e c t  o f  6 x  10'^M  p r o p a n i l  on t h e  number o f  m i t o t i c  
f i g u r e s  i n  6 0 -h o u r  c o m  r o o t s .
T re a tm e n t
E s t i m a t e d  Number o f  
C e l l s  Examined
M eta p h a se s  
and A naphases
C o n t r o l 746 8
11 830 7
I I 846 2
ir 503 1
m 663 X
if 757 2
n 920 1
i i 1035 5
IV 1113 9
T o t a l s 7413 36
6 x  10"^M p r o p a n i l 488 1
ii 493 1
•i 600 0
n 786 0
i i 746 0
it 648 0
ii 989 2
it 964 0
M 936 0
T o t a l s 6650 4
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m e ta p h a s e ;  a f t e r  p ro to a n e m o n in  t r e a t m e n t  a l l  t h e  c e l l s  o f  t h e  r o o t  t i p  
a r e  i n  a  c o n d i t i o n  r e s e m b l in g  i n t e r p h a s e  o r  e a r l y  o r  l a t e  a n a p h a s e . ” 
S in c e  t h e s e  p r o p a n i l - t r e a t e d  r o o t s  a r e  e l o n g a t i n g  a t  a  r a t e  
much s lo w e r  t h a n  c o n t r o l  r o o t s  60 h o u rs  o l d ,  t h e s e  d a t a  i n d i c a t e  t h a t  
a  s t r o n g l y  i n h i b i t e d  m i t o t i c  r a t e  i s  u l t i m a t e l y  r e s p o n s i b l e  f o r  th e  
s lo w e r  g ro w th .
SUMMARY AND CONCLUSIONS
E x c i s e d  c o r n  r o o t s  w ere  grow n on W h i t e ' s  medium c o n t a i n i n g  0.77» 
a g a r  and  a g iv e n  c o n c e n t r a t i o n  o f  an  a c y l a n i l i d e  o r  o t h e r  compound.
Swep, o r  m e th y l  N - ( 3 , 4 - d i c h l o r o p h e n y l ) - c a r b a m a t e ,  w as t h e  s t r o n g e s t  
i n h i b i t o r  o f  r o o t  e l o n g a t i o n .  P r o p a n i l ,  o r  N - ( 3 , 4 - d i c h l o r o p h e n y l ) -  
p ro p a n a m id e  a l s o  was s t r o n g l y  i n h i b i t o r y .  Of t h e  o t h e r  3 , 4 - d i c h l o r o -  
a n i l i d e s ,  t h e  b u ta n a m id e ,  p e n ta n a m id e ,  and  m e th a c r y l a m id e  ( d i c r y 1) w e re  
m ore i n h i b i t o r y  t h a n  t h e  a c e t a m i d e ,  h e x a n a m id e ,  and  2 -m e th y l  p e n t a n a ­
m ide  ( k a r s i l ) .  D iu r o n ,  o r  3 - ( 3 , 4 - d i c h l o r o p h e n y l ) - 1 , 1 - d i m e t h y l u r e a , 
a l s o  was v e r y  w e ak ly  i n h i b i t o r y ,  and 3 , 4 - d i c h l o r o a n i l i n e  was w e a k e s t  
o f  t h o s e  compounds s t u d i e d .
The two m o s t  p o t e n t  H i l l  r e a c t i o n  i n h i b i t o r s  t e s t e d  w e re  d i u r o n  
and k a r s i l  and  th e y  w e re  s i g n i f i c a n t l y  l e s s  a c t i v e  t h a n  sw ep , p r o p a n i l  
and  m o s t  a c y l a n i l i d e s  a s  r o o t  e l o n g a t i o n  i n h i b i t o r s .  Of t h e  compounds 
t e s t e d ,  p r o p a n i l  was u n iq u e  i n  t h a t  i t  w as t h e  o n ly  r e p o r t e d l y  e f f e c t i v e  
H i l l  r e a c t i o n  i n h i b i t o r  t h a t  a l s o  p ro v e d  t o  be  r e l a t i v e l y  e f f e c t i v e  a s  
a r o o t  e l o n g a t i o n  i n h i b i t o r .
C a r b a m a te s ,  a s  IPC and CIPC, h av e  b een  shown t o  be m i t o t i c  
i n h i b i t o r s ,  and  T a b le  10 i n d i c a t e s  t h e  same r o l e  f o r  p r o p a n i l .  T r e a t ­
m en t w i t h  p r o p a n i l  r e s u l t e d  i n  r o o t s  sho w in g  r e l a t i v e l y  few m i t o t i c  
f i g u r e s .
P r o p a n i l  a t  l e s s  t h a n  3 x  10 d i d  n o t  i n h i b i t  r o o t  e l o n g a t i o n .
A t from  3 x 10"^M t o  12 x 10“^M, e l o n g a t i o n  r a n g e d  from  a b o u t  857* t o  25%
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o f  c o n t r o l  r o o t s ,  r e s p e c t i v e l y .  A t t h e s e  same c o n c e n t r a t i o n s ,  p r o p a n i l  
i n c r e a s e d  o x ygen  u p ta k e  on a f r e s h  w e ig h t  a s  w e l l  a s  n i t r o g e n  b a s i s ,  
and  b o t h  p r o t e i n  and  n o n - p r o t e i n  n i t r o g e n  i n c r e a s e d  so  t h a t  t h e  p r o t e i n  
n i t r o g e n  a s  a  p e r  c e n t  o f  t o t a l  n i t r o g e n  r e m a in e d  t h e  same f o r  b o t h  
l o t s .  A p p a r e n t l y ,  e i t h e r  t h e r e  i s  a  g e n e r a l  i n c r e a s e  i n  n i t r o g e n  i n  
t h e  s h o r t e r ,  p r o p a n i l - t r e a t e d  r o o t s ,  o r  t h e  l o s s  o f  n i t r o g e n  fro m  su ch  
r o o t s  i s  i n h i b i t e d  a s  a r e s u l t  o f  t h e  p r o p a n i l  t r e a t m e n t .  P o s s i b l y  b o th  
phenom ena o c c u r .  I n  any  e v e n t ,  t h e  i n c r e a s e s  i n  r e s p i r a t i o n  and  n i t r o g e n  
c o n t e n t  w e re  n o t  c o r r e l a t e d  w i t h  e l o n g a t i o n  i n h i b i t i o n s .  R o o ts  w i t h  
l e n g t h s  from  85% t o  257. o f  c o n t r o l  r o o t s  a l l  showed a b o u t  t h e  same 
r e s p i r a t o r y  and  n i t r o g e n  i n c r e a s e s .  T h i s  s u g g e s t e d  t h a t  a m axim al 
m e t a b o l i c  e f f e c t  may be r e a c h e d  e v en  a t  p r o p a n i l  c o n c e n t r a t i o n s  so  low 
a s  t o  in d u c e  l i t t l e  o r  no  i n h i b i t i o n  o f  m i t o s i s  i n  t h e s e  c o r n  r o o t s .
The lo w e s t  p r o p a n i l  c o n c e n t r a t i o n  c a p a b l e  o f  a s l i g h t  r o o t  
e l o n g a t i o n  i n h i b i t i o n  was u s e d  i n  f u r t h e r  s t u d i e s .  R o o ts  t r e a t e d  a t  
a c o n c e n t r a t i o n  o f  3 x 10"^M showed a R .Q . o f  0 . 9 8 ,  a s  d i d  c o n t r o l  
r o o t s .  A p p a r e n t l y ,  p r o p a n i l  d i d  n o t  i n t e r f e r e  w i t h  u t i l i z a t i o n  o f  t h e  
2% s u c r o s e  u s e d  i n  t h e  medium. I t  was d e t e r m in e d  t h a t  t h e  r o o t s  w h ich  
w ere  c o n s i s t e n t l y  w e a k ly  i n h i b i t e d  i n  l e n g t h  a l s o  h ad  f r e s h  w e i g h t s  t h a t  
d i d  n o t  d i f f e r  from  c o n t r o l  r o o t s .  B o th  r i b o n u c l e i c  a c i d  and  d eo x y ­
r i b o n u c l e i c  a c i d  l e v e l s  w e re  h i g h e r  i n  t h e  s l i g h t l y  s h o r t e r ,  p r o p a n i l -  
t r e a t e d  r o o t s  t h a n  i n  t h e  c o n t r o l  r o o t s .  A g a in ,  i t  a p p e a r s  t h a t  e i t h e r  
n u c l e i c  a c i d  s y n t h e s i s  i s  s t i m u l a t e d  o r  i t s  b reak d o w n  i s  i n h i b i t e d  a s  
a  r e s u l t  o f  p r o p a n i l  t r e a t m e n t  o f  t h e s e  e x c i s e d  c o r n  r o o t s .
I t  was a l s o  n o t e d  t h a t  p e r c h l o r i c  a c i d  p r e c i p i t a t e s  o f  c o n t r o l  
r o o t s  showed a p in k  c o l o r  n o t  s e e n  i n  3 x  10~^M p r o p a n i l  t r e a t e d  r o o t s .
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E x t r a c t s  o f  such  p r e c i p i t a t e s  r e v e a l e d  a  b ro ad  a b s o r p t i o n  maximum 
a ro u n d  540 mu f o r  t h e  c o n t r o l  r o o t s ,  and such a maximum was a b s e n t  
from p r o p a n i l - t r e a t e d  r o o t s .  Both c o n t r o l  and p r o p a n i l - t r e a t e d  r o o t s  
showed a  400 mu a b s o r p t i o n  p e a k ,  and th e  a b s o r p t i o n  s p e c t r a  c o u ld  
i n d i c a t e  a  cy tochrom e p r e s e n t  t o  a g r e a t e r  e x t e n t  in  c o n t r o l  r o o t s  
th a n  i n  p r o p a n i l - t r e a t e d  r o o t s .
C o n s id e r in g  th e  p u b l i s h e d  r e p o r t s  on mode o f  a c t i o n  o f  H i l l  
i n h i b i t o r s ,  t h e  l a s t  o b s e r v a t i o n  may be o f  some im p o r ta n c e .  The 
a v a i l a b l e  e v id e n c e  i n d i c a t e s  t h a t  cy toch rom es  a r e  in v o lv e d  in  p h o to ­
s y n t h e s i s  a n d ,  a s  n o t e d ,  a t  l e a s t  one p o t e n t  H i l l  r e a c t i o n  i n h i b i t o r ,  
d i u r o n ,  h a s  been  found c a p a b le  o f  i n h i b i t i n g  t h e  r e d u c t i o n  o f  a c y t o ­
chrome a t  1 .1  x 10"^M. T h u s ,  i t  may be s u g g e s te d  t h a t  p r o p a n i l  a t  
3 x 10"^M c o u ld  have  i n h i b i t e d  th e  r e d u c t i o n  o f  a cy tochrom e and 
such  i n h i b i t i o n  c o u ld  be r e l a t e d  t o  p r o p a n i l ' s  mode o f  a c t i o n  a s  a 
h e r b i c i d e .
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